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SUMMARY 
As of this time seismic activity in the southeastern United States has 
not been related to mapped fault zones. The Great Smokey, Goat Rock, Modoc, 
Rome and other faults or fault zones with surface expression are typically 
paleozoic in age and appear to be inactive. Earthquakes that have been in-
strumentally located in the Southeast have not been related to these known 
faults. 
Seismic activity in the southeastern United States is in close association 
with irregularities in crustal structure and hence with anomalous crustal 
rigidity or strength (Long, 1976). This close association suggests the hypo­
thesis that crustal irregularities foster the concentration of stress in a 
deforming crust, and stress concentration may explain earthquakes in the south­
eastern United States. 
In order to test this hypothesis, a mathematical stress modeling technique 
was developed to calculate the distribution of shear stress in inhomogeneous 
media. Shear stresses were initially calculated in three dimensions; however, 
excessive computer time prevented extensive use of three dimensional models. 
Consequently, the computations of stresses were largely restricted to two 
dimensional models. The two and three dimensional shear-stress computations 
were applied to models of the crustal structure near the Bowman, South Carolina 
seismic zone. These models were constrained by geologic, gravimetric and 
seismic refraction data. The results typically indicated higher stress accumu­
lation in the thin high-velocity rigid portion of the model. Stresses in both 
the vertical and horizontal planes were calculated for the Bowman, South 
v i i i 
C a r o l i n a , a r e a . R e s u l t s i n d i c a t e t h a t t h e p l a n e s of m a x i m u m s h e a r s t r e s s a r e 
o r i e n t e d f r o m N to N45°W. 
F r e e s u r f a c e e f f e c t s w e r e i n v e s t i g a t e d , a n d i n g e n e r a l t h e i n t e r f a c e 
b e t w e e n a m a t e r i a l w i t h h i g h v e l o c i t y a n d d e n s i t y a n d a n o v e r l y i n g m a t e r i a l 
w i t h l o w v e l o c i t y a n d d e n s i t y a c t s a s f r e e s u r f a c e w h e r e t h e n o r m a l s t r e s s is 
c l o s e to z e r o . 
CHAPTER I 
INTRODUCTION 
Earthquakes occur in regions of the earth's crust which are undergoing 
deformation. Energy is stored in the rock in the form of elastic stress. The 
stress which accompanies the readjustment of the earth's crust in response to 
tectonic forces may accumulate until it exceeds the yield strength of the 
rocks. Subsequently, fracture of fresh rock of movement along esixting faults 
may occur. The above mechanism is in essence, the elastic rebound theory, 
developed by Reid (1911) from data obtained after the great 1906 earthquake in 
San Francisco. The concept of the earthquake machanisms of the elastic rebound 
theory is based on two types of indirect observations: 
1. Movement of surface rocks above the actual focal region 
2. Behavior of rocks stressed in the laboratory under conditions similar 
to those within the earth. 
Following fracture or movement along a fault, the opposite sides of the 
fault rebound to a position of equilibrium, and the energy is released in the 
form of heat, in the crushing of rock and in the vibration of elastic waves. 
The waves or vibrations which are generated at the moment of fracture produce 
the shaking which is experienced in an erathquake. 
While Reid's theory is reasonable for shallow focus earthquakes, obser­
vations of frictional sliding in laboratory experiments (Jefferys, 1936) 
suggested that for deep-focus earthquakes, energy release due to fracture is 
unlikely. Orowan (1960), and Griggs and Baker (1969) proposed that a mechanism 
of thermal softening may be the mechanism for deep-focus earthquakes. In the 
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deep crust and in the upper mantle, the objections of Jeffreys (1936) to a 
mechanism based on frictional sliding may be valid. Although proposed mecha-
misms for shallow focus (i.e. frictional sliding) and deep-focus (i.e. thermal 
softening) earthquakes are different, the concept of a zone of relative weak­
ness might tie both earthquake machanisms together. 
If the fault surface and the dynamics of rupture could be observed 
directly, some relation between the earthquake mechanism and the dynamics of 
rupture might be found and explained by stick-slip or creep type movements. 
The most likely explanation for stick-slip movement during dry frictional 
sliding of brittle rocks at room temperature is an instability caused by 
sudden brittle fracture of locked regions on surfaces which may represent a 
zone of weakness between rocks. Motions within fault zones such as the San 
Andreas fault zone can take place suddenly to produce an earthquake. During 
such a sudden slip, the shear stress is released. The fault surfaces may then 
again become locked together until at some later time slip suddenly takes place. 
Shallow-focus earthquakes may represent stick-slip movement along old or newly 
formed faults. In such a situation, observed stress drops may represent a 
release of a small fraction of the stress supported by the rock surrounding 
the earthquake focus. Byerlee and Brace (1968) have shown that with a polished 
surface of a brittle material, the sliding will be stable if the normal stress 
is low, but unstable if the normal stress is high. However, Byerlee and Brace 
(1968) could not predict the stress at which the transition takes place. In 
the earth only a finite length of the fault moves during an earthquake, causing 
large stresses to be developed at the ends of the slipped section (Dieterich, 
1969). Dieterich (1969) has shown that under these conditions the average shear-
stress drop during sudden slip is about an order of magnitude lower than what 
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it would be if the fault were free to move unhindered by the surrounding 
material. 
Byerlee and Brace (1972) have shown that there are a number of factors 
that affect the stability of sliding on a fault: 
1. The presence of limestone, or porous tuff, or serpentine in gabbro 
and dunite will prevent the occurrence of stick-slip movement at all 
pressures. 
2. The absence of stick-slip movement may be due to high temperature. 
3. The absence of stick-slip movement may be caused by high fluid pore 
pressures within the fault zone. 
Although unstable slip at high normal stress can explain stick-slip 
sliding on smooth surfaces the theory in its present form is only a qualitative 
one and is therefore not completely satisfactory. Ideally, one would like to 
be able to predict with some degree of certainty whether stick-slip or stable 
sliding will occur in any given situation. 
If strain energy were accumulating in the earth's lithosphere from some 
tectonic process, then the superimposition of strain, could pretrigger an 
earthquake when some critical stress is reached. A possible example of a per­
turbation stress is stress associated with earth tides. Earth tides represent 
the largest pertubation strain in the earth with period less than one day. But 
the change in tidal stress with time is small compared to regional stress, and 
tidal stress may act as a perturbation which only affects the time of rupture. 
Most of the above concepts apply to earthquakes which occur in seismic 
zones at the edges of plates or in established fault zones. But in the south­
eastern United States, which is in the interior of the North American Plate, 
no relation between the occurrence of earthquakes and known faults has been 
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found. Apparently, the known mechanisms of seismicity associated with plate 
edges or active established faults do not apply directly. 
The Bowman, South Carolina, area (Mckee, 1974) may present a typical 
example of the above situation in the southeastern United States. Near Bowman 
the earthquake epicenters are located in a single epicentral zone and no faults 
are apparent at the surface. However, one unique feature of the epicentral 
zone near Bowman, Couth Carolina, is the association with a thinning in a 
rigid (i.e. anomalously high-velocity since the shear wave velocity is pro­
portional to the square root of the modulus of rigidity) geologic unit of the 
crust. 
Charleston similarly is characterized by an isolated epicentral zone 
and an association with rigid crustal units. A positive bouguer anomaly, 
which results from a large high-density basic intrustion as compared to the 
density of surrounding sedimentary rocks, exists near the epicentral zone of 
the 1886 Charleston earthquake. The historical data and some other recent 
data (Champion, 1975) strongly support an association between the seismicity 
and the high-density unit in the crust. 
The geology of the CHRA (Clark Hill Reservior Area) is complex and com­
bines more rigid gabbros, metadacites, mafic dikes, and amphibolites, with 
less rigid granite gneisses, schists, and phyllites (Long, et al. 1976). The 
irregular structures of those units might relate to the mechanism of CHRA 
earthquakes. The spectral characteristics of these quakes suggest that the 
stress drops are slightly high and that complete stress drop occurs during an 
earthquake (Marion, 1977). 
In an attempt to explain the lack of obvious faults and the association 
of isolated epicentral zones with rigid crustal unit's, Long (Long, 1974; Long, 
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1976; Long and Hsiao, 1976) formulated an hypothesis for the occurrence of 
earthquakes in the southeastern United States, which says 
"Earthquakes occur in the southeastern United States because 
irregularities in crustal rigidity and crustal strength foster 
concentration of stress in a deforming crust. The geometries 
of the structures with anomalous rigidity and strength are 
determined primarily by the geometries of the major geologic 
units in the crust. Surficial sediments like the post-Cretaceous 
coastal plain sediments would have only a minimal secondary relat­
ion with earthquake occurrence. The positions of the crustal geo­
logic units are determined by the contact zones between coherent 
crustal blocks or lateral irregularities within crustal block." 
Older theories and hypotheses as to a possible mechanism which could 
account for accumulated stress are as follows: 
1. Mechanical Forces: 
Ramberg (1967) suggested that some of the stresses which cause de­
formation in the crust are possibly generated by the following types 
of mechanical forces: 
(A) Force of Gravity: Expansion or contraction due to phase change 
results in a change in density which in turn gives rise to a 
buoyant or subsiding tendency. This effect produces an unstable 
mass distribution in the gravity field. 
(B) Stresses Transmitted Through The Surroundings to The Boundary 
of The System: The change or dynamic conditions in the surround­
ings affects the motion of the system as a unit. 
(C) Internal Stresses Due to Viscous Drag and Elastic Strain: Stable 
Mechanical equilibrium requires isotropic symmetry of the stress 
field. Since the crust is isotropic in composition and distri­
bution, anisotropic stress does exist. Therefore, mechanical 
stability is disturbed by internal stresses such as viscous drag 
and elastic Strain. 
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Bollinger (1973) and Long (1975) have suggested that faulting in the 
southeastern United States is caused by the crust undergoing a gentle warping. 
Consequently, stress may be amplified or concentrated in old appalachian 
structures or brittle rock. The response to tectonic forces is evident in 
brittle rocks breaking, ductile rocks deforming, and elastic rocks bending. 
Fracture in brittle areas where stress is amplified should typically produce 
high stress-drop earthquakes (Bridges, 1975). 
2. Influence of Fluid Intrusions: 
(A) Thermal Mechanism: In the CHRA, the thermal mechanism could 
play an important role in the stress accumulation. Cold water 
from the reservior may seep down into cracked rock and cool the 
warmer rocks a kilometer or so beneath the surface. As these 
rocks are cooled, they contract. This contraction could be the 
source of differential stress which eventually results in fault­
ing (Lister, 1974). 
(B) It has been suggested that the water level may have a direct 
affect on the seismic activity associated with the Clark Hill 
Reservoir. When the water level rises above normal, activity 
typically becomes quiet. In this state, the extra vertical load 
increaces the confining pressure on the bottom. This enhances 
the vertical stress. But the net shear stress decreases, perhaps 
due to the existence of a larger horizontal stress. During un­
loading, the reverse occurs and earthquake activity increases 
(Talwani, 1976). 
3. Temperature Effect: 
The temperature of the rocks near the surface has been decreasing 
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since the last intrusive or metamorphic event. As a result static 
friction is increased causing surfaces of low cohesion in the rock 
to stick and thus allowing stress to accumulate. 
4. Tidal: 
The solid earth tide is the longest single periodic strain in the 
earth. The tidal stress gradients are very small, being of the 
order of 10 bar/cm peak-to-peak (Knopoff, 1964). In the presence 
of a preexisting ambient stress field it is believed, in general, 
that forces associated with tides are too small to trigger 
activity. Knopoff (1964) further points out, based on correlations 
of small southern California earthquakes with tidal strains, that 
there is no detectable influence upon the times of earthquake occur­
rence by tides. 
The temperature effect, although significant in deep earthquake regions, 
is negligible in this study since earthquakes in the southeastern United States 
are predominately shallow focus. The variations in fluid pressure and vis­
cosity do play an important role in stress release. The Clark Hill Reservoir 
area is apparently affected by fluid level changes as pointed out by Talwani 
(1976). But in this study neither fluid nor viscous effects will be dealt 
with because of their complex nature. The tidal effect, as shown by Knopoff 
(1964) for shallow focus earthquakes in southern California, does not appear 
to be a causative mechanism and is probably not significant in the southeast. 
This study will be based on Long's hypothesis, that southeastern United 
States earthquakes occur due to irregularities in crustal rigidity, crustal 
strength, and geometries of associated crustal blocks. The stress field was 
developed for the Bowman, South Carolina, epicenter area since gravity, 
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r e f r a c t i o n a n d g e o l o g i c d a t a w e r e a v a i l a b l e . T h e s e d a t a p r o v i d e d i n f o r m a t i o n 
o n g e o m e t r y , c r u s t a l i r r e g u l a r i t i e s , a n d r i g i d i t y w h i c h w e r e n e e d e d to d e f i n e 
t h e m o d e l . A n a l y s i s of t h e s t r e s s f i e l d w a s a c h i e v e d t h r o u g h m a t h e m a t i c a l 
m o d e l i n g w h i c h d e p e n d s o n t h e t h e o r y of e l a s t i c i t y , to s e e if the m o d e l s h o w s 
h i g h e s t s h e a r s t r e s s e s i n t h e o b s e r v e d e p i c e n t r a l z o n e . S u c h a n a s s o c i a t i o n 
m a y a l l o w o n e t o f i n d o u t w h e r e e a r t h q u a k e s a r e l i k e l y to o c c u r i n t h e s o u t h ­
e a s t e r n U n i t e d S t a t e s . 
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C H A P T E R I I 
M A T H E M A T I C A L M O D E L I N G 
B A S I C E Q U A T I O N S 
A L M O S T A L L M A T E R I A L S P O S S E S S T O A C E R T A I N E X T E N T T H E P R O P E R T Y O F E L A S ­
T I C I T Y . I F T H E E X T E R N A L F O R C E S P R O D U C I N G D E F O R M A T I O N O F A N Y E L A S T I C M A T E R I A L 
do N O T E X C E E D T H E E L A S T I C L I M I T , T H E D E F O R M A T I O N A T L E A S T P A R T L Y D I S A P P E A R S 
W I T H T H E R E M O V A L O F T H E F O R C E S . I F T H E M A T E R I A L C O M P L E T E L Y R E C O V E R S I T S 
O R I G I N A L S H A P E , I T I S S A I D T O B E P E R F E C T L Y E L A S T I C ; I F I T R E T U R N S O N L Y P A R T I A L ­
L Y T O I T S O R I G I N A L S H A P E , I T I S P A R T I A L L Y E L A S T I C . T H E T H E O R Y O F E L A S T I C I T Y 
I S C O N C E R N E D W I T H T H E S T R A I N E X P E R I E N C E D B Y A D E F O R M A B L E M A T E R I A L W H E N S U B J E C T ­
ed T O S T R E S S . I N T H I S T H E S I S , T H E A S S U M P T I O N I S M A D E T H A T S O L I D M E D I A C O N S I S T 
O F P A R T I C L E S W H I C H A R E S U F F I C I E N T L Y C L O S E - P A C K E D F O R T H E C O N S T I T U T I V E F U N C T I O N S 
to B E T A K E N A S C O N T I N U O U S , I S O T R O P I C , A N D D I F F E R E N T I A B L E . T H E M A T E R I A L S A R E 
T A K E N T O B E P E R F E C T L Y E L A S T I C . T H E P O S S I B L E E X I S T E N C E O F V I S C O C I T Y A N D P L A S T I ­
C I T Y O F T H E M A T E R I A L W I L L N O T B E C O N S I D E R E D . 
T H E G E N E R A L I Z E D H O O K E ' S L A W R E L A T I N G S T R E S S T O S T R A I N I S ( T I M O S H E N K O 
A N D G O O D I E R , 1 9 7 0 ) 
T.. I S T H E S T R E S S T E N S O R R E P R E S E N T I N G T H E S T R E S S I N T H E I T H D I R E C T I O N 
O N T H E P L A N E P E R P E N D I C U L A R T O T H E J T H A X I S . 
X A N D U A R E L A M E ' S E L A S T I C P A R A M E T E R S ( U I S A L S O C A L L E D T H E S H E A R M O D U L U S ) 
T . = X E S . . 
U 
+ 2ye. . i J (1) 
W H E R E 
6 : K R O N N E C K E R D E L T A , 6 . . = O . W H E N - I = J ; 6 I J = J . , W H E N I = J 
e :strain tensor, e... = + |iU.) 1J iJ 2 dx. dx. (2) 
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UI: THE DISPLACEMENT IN I DIRECTION AND UI=UL, U2, AND U3 ARE THE 
DISPLACEMENTS IN THE 1, 2, AND 3 DIRECTIONS RESPECTIVELY U^=U1, 
U 2=U2, U 3 = U 3 
6 :the d.lat.on, 9 = ̂ ~ + ̂ - + ̂  (3) 
X^: RECTANGULAR COORDINATE 
FROM THE EQUATION OF MOTION, WE HAVE 
^ U | = ! L L i + F i (4) 
AX. 
J 
WHERE BODY FORCE FI=O 
WE WILL CONSIDER THE EQUILIBRIUM CONDITION FOR DISPLACEMENT UI, SO 
THAT THE DISPLACEMENT UI WILL BE INDEPENDENT OF TIME. BECAUSE THE DERIVATIVE 
WITH RESPECT TO TIME WILL BE ZERO, EQUATION (5) CAN BE WRITTEN. 
1 _ T - N - *2V± <5) 
3X4 ^ ' i t 2 
WHERE I,J=L,2,3 
SUBSTITUTING EQUATIONS (1) AND (2) INTO EQUATION (5), ONE OBTAINS, 
O = a J ^ - + tt*2u] + M ^ + M I S + M _ M L + 1 1 1 . M I (6) 
3x.dx 3X DX * 3 X 3X + 3X. 3X, + 3X. 3X. + 3X. 3X. 
K J J J J I J k J J J I 
WHERE I,J,K=L,2,3 
FOR THE CRUST OF THE EARTH AND THE UPPER PART OF THE MANTLE OF THE 
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earth, one has with sufficient approximation that X = u (which means that 
Poisson's ratio o - %). In this study, Lame's parameters y, X are con­
sidered to be a function of two dimension only. 
X = X(x 1,x^) and y = \i{x]fx^) (7) 
From Ide (1936), we have 
X = u = p3 2 (8) 
Where 3: S-wave velocity 
p: density of material 
(I) Three-Dimensional Model 
On setting X = y and resolving equation (6) into three components, 
gives: 
When i=l 
n _ ,3 2U1 , 3 2U2 n 3 2U3 . 3_!yi , ifyi 
0 " *dx~f jLdx]dx2 Z 3 X l 3 x 3 3x 2 4 3x 3 J 
^ 1 r3X ,,3U1 . 3U2 _̂  3U3x , 3A__,3UL . 3U3x i (9) 
+ X 1 ^ 3 ^ 3x 2 + 3 X ' Sx 3^3x 3 3 X l ; / 
When i=2 
0 = 3 3 2 u 2 + 2-A!Ul_ + 2 8 2 u 3 + 9 2 u 2 + 3 \)2 
dx^ 3 x ^ X 2 3 x 2 3 x 3 dx* dx^ 
1 r3X ,3U2 3UK 3X , 3U2 3 U 3 U (10) 
X l 3 X l V 3 X l + 3x^ j + 3x^ 1 3x^ + 3~x~}} 
When i=3 
0 = 3 iM_ 2_3iU2_ 3 2U1 3*U3 + 3 2U3 ^ x ^ Z 3 x 2 3 x 3 + 2 3 x ^ T 3 + 3 ^ + SxJ" 
+ | ( 33U3 + 3U2 3m 9_X_ (3U3 _9U L ( 1 1 ) A 3x 3 w 3 x 3 dx 2 3 x ^ 3 X l + 3 X " 
S E C O N D O R D E R F I N I T E D I F F E R E N C E E Q U A T I O N S A R E U S E D T O A P P R O X I M A T E T H E 
P A R T I A L D E R I V A T I V E S A T G R I D P O I N T S . T H E F I N I T E D I F F E R E N C E D E R I V A T I V E S O F T H E 
D I S P L A C E M E N T U I , W H I C H A R E T H E C E N T R A L D I F F E R E N C E S A T T H E G R I D P O I N T 
( X 1 , X 2 , X 3 , ) = ( X , Y , Z ) T A K E T H E F O R M , 
| ^ = ( U I A L " U I - ) / 2 A X ( 1 2 ) 3 X X + 1 Y Z X - 1 Y Z \ X * ' 
| ~ = ( U I A 1 - 2 U 1 + U I . ) / ( A X ) * N _ 9 X * X + 1 Y Z X Y Z X - 1 Y Z ( 1 3 ) 
7\ U1 
= ( U I _^ - U I A 1 . - U I - + U 1 1 , ) / 4 ( A X ) ( A Y ) (14) 9 X 3 Y X + 1 Y + 1 Z X + 1 Y - 1 Z X - 1 Y + 1 Z X - 1 Y - 1 Z 7 K H J 
E Q U A T I O N S (12,13,14) A R E S U B S T I T U T E D I N T O E Q U A T I O N S (9,10,11) F O R N U M E R ­
I C A L E V A L U A T I O N O F D I S P L A C E M E N T A T E A C H G R I D P O I N T . T H E P A R T T H A T D I S C R I B E S 
H O M O G E N E O U S M E D I A C O N S I S T S O N L Y O F T H E F I R S T F I V E T E R M S O F E Q U A T I O N S (9,10,11). 
O N S O L V I N G F O R T H E D I S P L A C E M E N T S A T T H E C E N T R A L P O I N T ( X , Y , Z ) , T H E F I N I T E 
D I F F E R E N C E E X P R E S S I O N S F O R T H E D I S P L A C E M E N T S I N H O M O G E N E O U S M E D I A B E C O M E 
1 0 U ' X Y Z " 3 < U 1 X _ , Y Z • U , X + , Y Z ) + „ , X Y + ] Z + U , X Y H Z + Y ^ 
X Y z+1 - 2 ^ X + 1 Y+i 2 - U V 1 Y+1 Z " U 2 X + 1 Y - 1 Z + U 2 + 1 , 1 v v , + i + 9 ' ( U 2 _ 1 U 2 . , - U 2 
X - 1 Y - 1 Z 
+ U 3 X + 1 Y Z + 1 " U 3 X - 1 Y Z + 1 " U 3 X + 1 Y Z - 1 + U 3 X - 1 Y z - 1 > ( 1 5 ) 
' 0 U 2 X Y Z " 3 ( U 2 X Y - 1 Z + U 2 X Y . 1 z> + U 2 X - 1 Y Z + U 2 X + , Y Z + U 2 X Y z-1 
+ U 2 X Y z+1 + T ( U ' X + 1 Y + 1 Z " U , X - 1 Y + 1 Z " U , X + 1 Y - 1 Z 
+ U ' X - 1 Y - 1 Z + U 3 X Y + 1 Z + 1 " U 3 X Y - 1 Z + 1 " U 3 X Y + 1 Z - 1 
+ U 3 X Y - 1 Z - 1 » ( " > 
1 3 
1 0 U 3 X Y Z * 3 < U 3 X y Z + . + U 3 X Y Z - 1 > + U 3 X + , Y Z + U 3 X - 1 Y Z + U 3 X Y + . Z 
+ U 3 X Y - 1 Z + I ( U ' X + 1 Y Z + 1 ' U 1 X - ! Y Z + 1 " U L X + 1 Y Z - 1 
+ U L X - 1 Y Z - 1 + U 2 X Y + 1 Z + 1 " U 2 X Y - 1 Y + 1 " U 2 X Y + 1 Z - 1 
+ U 2 X Y - 1 Z - 1 > ( 1 7 ) 
T H E M O D E L S C O N S I D E R E D I N T H I S T H E S I S C O N S I S T S O F T W O O R T H R E E H O M O ­
G E N E O U S R E G I O N S O F D I F F E R E N T R I G I D I T Y . T H E B O U N D A R I E S B E T W E E N T H E H O M O G E N E O U S 
R E G I O N S A R E F O R M U L A T E D by C O N S I D E R I N G T H E B O U N D A R I E S A S S H A R P I N H O M O G E N E I T I E S . 
In T H E C O M P U T A T I O N S S U C H B O U N D A R I E S O R I N H O M O G E N E I T I E S C A N B E A C C O U N T E D F O R B Y 
A D D I N G A P P R O P R I A T E A D D I T I O N A L T E R M S T O E Q U A T I O N S ( 1 5 , 1 6 , 1 7 ) . T H E T E R M S A R E 
D E R I V E D B Y S U B S T I T U T I N G E Q U A T I O N S ( 1 2 , 1 3 , 1 4 ) I N T O T H E P A R T O F E Q U A T I O N S 
( 9 , 1 0 , 1 1 ) W H I C H R E P R E S E N T I N H O M O G E N E O U S M E D I A . 
T H E E F F E C T S O F T H E I N H O M O G E N E O U S M E D I A C A N B E C A L C U L A T E D F R O M T H E 
F O L L O W I N G E Q U A T I O N S : 
X 3 X . 3 X . ' X V 2 A X . 2 A X . ' 
I T I I 
= T 1 1 A X _ 1 1 , P 1 3 ' " P 3 G 3 X 
- ¥ T A Z T 7 X ~ - 4 T A X T T ^ ( F T E F } 
- 4 1 {^LM) " D A ) - 4 ( A X . 7 * V P . $ I ] 
1 1 1 
In T H E C A L C U L A T I O N O F T H E H O M O G E N E O U S T E R M S T H E (——«-) T E R M S W E R E 
1 A X I 
C A N C E L E D . T H E R E F O R E T H E ( J) T E R M I N E Q U A T I O N ( 1 8 ) M U S T B E C A N C E L E D , 
L E A V I N G 
. P . A 2 - P A 2 
A K I - ± R ( — — 2 — — ) <19) 
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A « ~- 4 ( p 3 a ^ > (2°) 
The signs of the AK depends on the sign of the gradient of the Lame's 
elastic parameters. (i.e. 1*. ~ AX(1) - AA(2) ) . . 
dx - Ax(1) - Ax(2) ( 2 1 ) 
Combining the homogeneous and inhomogeneous terms and establishing 
boundary conditions, according to the geology or other geophysical information, 
one can assume an initial displacement and use the differential equations and 
the methods of successive approximation to calculate the displacement of each 
grid point with respect to the surrounding points. Once a sufficiently stable 
solution is obtained one can use equation (1) to calculate the components of 
the stress acting on the six sides of a cubic element (assuming that each point 
is an infinitesmal cubic element). The three normal stresses are T33 
and the six shearing stress are T ^ 2 = T 2 1 * T 2 3 = T 3 2 * a n < ^ T 3 1 = T 1 3 " ® n c e t n e s t r e s s 
components for the three coordinate planes are known, one can determine the 
directions and magnitudes of the principal stresses by using the property that 
the principal stresses are perpendicular to the planes on which they act. Let 
l,m,n be the direction cosines of a principal plane and S the magnitude of the 
principal stress acting on this plane. Then the components of this stress 
are 
X = SI , Y = Sm , Z = Sn (22) 
From Timoshenko and Goodier (1970), the relation between the components 
of stress at each point and the principal stresses are given as: 
S 3 - I X S 2 + l2s - I = 0 (23) 
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Where 
'l = T 1 1 + T 2 2 + T 3 3 ( 2 4 ) 
'2 " T 1 1 T 2 2 + T 2 2 T 3 3 + T 3 3 T 1 1 " T 1 2 " T 2 3 " A\ < 2 5 ) 
2 2 2 
!3 = T 1 2 T 2 2 T 3 3 + 2 T 1 2 T 2 3 T 3 1 " T 1 1 T 2 3 " T 2 2 T 1 3 " T 3 3 T 1 2 ( 2 6 ) 
The three roots of equation (23) give the values of the three 
principal stresses SI, S2, S3. Then, writing 
X = S - y L (27) 
Which is 
S = X - (28) 
Substituting equation (28) into equation (23) and after rearranging 
terms, one obtains: 
X 3 + aX + b = 0 (29) 
Where 
a = I - - I 2 (30) a 12 3 1 
and 
b =- ~ 9 1 ^ 2 + 271 3) (31) 
The roots for equation (23) are 
5 1 = ~ + 2/ II73 C0S(4)/3) (32) 
U , 
5 2 = + 2/ ra7I C0S{(cj)+27T)/3} (33) 
11 
5 3 = —- + 2/-a/3 COS{(cj)+4Tr)/3} (34) 
in which 
<f> = C0S{(-b/2/-aV27> ( 3 5) 
16 
The maximum shearing stresses are 
T , - 4 < Y S 2 > > * 2 - 4 ( s r s 3 J • T 3 = 4 < S 2 - V ( 3 6 ) 
This shows that the maximum shearing stress acts on the plane bi­
secting the angle between the largest and the smallest principal stresses 
and is equal to half the difference between these two principal stresses. 
Equations (22,23,24) are the magnitudes of the principal stresses. 
The directions of the principal stresses can be calculated by 
1 1 T 1 2 1 3 
r * 1 
id) 1(1) 
T 2 1 T 2 2 
T 
2 3 m(i) = S(i) m(i) 




3 i ,n(i) n(i) 
(37) 
Where l(i), m(i), n(i) are the three components of the ith principal 
stress, i=l,2,3, and T 1 2 = ^ 2 l ' T23 = T32' T31 = T13* 
Then, from equation (37) 
( T ^ - S.)l(i) + 
1 2 
2 1 
+ ( T 2 2 - S.)m( 





T 1 3 
T 2 3 
n(i) = 0 
n(i) = 0 
) + (T - S.)n(i) = 0 
with the additional requirement that 
l2(i) + m2(i) + n2(i) = 1 
From the above equations with 3 unknown variables, giving three 
solutions as follows: 
(38) 
(39) 
m(i) = G (i)-1(i) 








T11 T23 " T23 "\ 
23 L13 "T13 Si " Ti2 23 








, i=l,2,3 are the components of the three 
principal stresses. 
i.e. l(i) is the component of the first principal stress on the 
x axis of the original coordinate system. 
One can express V the strain energy per unit volume as a function of 
the stress components. 
V = ^ ( T ? - + T * + T * ) + ~(T* + T 2 + T 2 ) 2E X 11 
a 
22 33' 2u x 12 L23 31 
E^ T11 T22 + T22 T33 + T33 T11^ 
where a: Poisson ratio when 
E 2E 






Rearranging equation (45), gives: 
V = W < 2 ( T 1 1 + T 2 2 + T 3 V " ( T11 T22 + T22 T33 + T 3 3 T n ) 
+ 5 ( T, 22 + T 2 3 + T 3 1 ) } (48) 
The magnitude and direction of the principal stresses and maximum 
shearing stresses are calculated at each point by using the corresponding 
displacements. Finally, the total strain energy per unit volume at each 
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p o i n t i s c a l c u l a t e d from t h e r e s p e c t i v e v a l u e s of s t r e s s e s u s i n g t h e above 
p a r a m e t e r s . One can f i n d t h e z o n e s of g r e a t e s t s h e a r s t r e s s and h e n c e t h e 
m o s t p r o b a b l e a r e a s f o r e a r t h q u a k e o c c u r r e n c e . B e c a u s e of t h e c o m p l e x i t y 
of b o u n d a r y c o n d i t i o n s i n s e t t i n g up a r e a l i s t i c t h r e e - d i m e n s i o n a l m o d e l , 
o n l y one model was s o l v e d i n t h r e e - d i m e n s i o n . T h i s model was t h e Bowman, 
Sou th C a r o l i n a c r u s t a l s t r u c t u r e s u b j e c t e d t o v e r t i c a l u p l i f t on one e n d . 
I n t h i s s t u d y mos t c r u s t a l s t r u c t u r e s we re r e d u c e d t o s i m p l e r t w o - d i m e n ­
s i o n a l m o d e l s . 
The t w o - d i m e n s i o n a l m o d e l s a l l o w one t o c a l c u l a t e s t r e s s d i s t r i b u t i o n 
f o r a w i d e r v a r i e t y of m o d e l s u s i n g a g r e a t e r v a r i e t y of b o u n d a r y c o n d i t ­
i o n s t h a n would b e p o s s i b l e w i t h t h e more complex t h r e e - d i m e n s i o n a l mode l s 
i n t h e same amount of compu te r t i m e . A l s o , one w i l l h a v e enough compute r 
t i m e t o c a l c u l a t e many m o d e l s i n t w o - d i m e n s i o n s w i t h o u t c o n s i d e r i n g t h e 
c o m p u t e r e x p e n s e s . 
As i n t h e t h r e e - d i m e n s i o n a l m o d e l , t h e Lame p a r a m e t e r s (u ,X) of t h e 
t w o - d i m e n s i o n a l m o d e l s a r e c o n s i d e r e d t o b e a f u n c t i o n s of x^ and X^. 
Then , t h e e q u a t i o n (7 ) b e c o m e s , 
( I I ) Two-Dimens iona l Models 
X — X ^X.j, x 2 ) (49) 
S e t t i n g X=u and r e s o l v i n g e q u a t i o n (6) i n t o t w o - d i m e n s i o n s , g i v e s , 
When i 
3 x ^ 3 x 2 3 X | X 3x^ 3x^ 3x^ 
•)} (50) 
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When i = 2 
n _ ? 3 2 u 2 4. o _ i ! y j _ + 9 2 U^ , hQ_( M L M 2 ^ 
U *J^~ z 3 x 2 3 x 3 x ^ ~ + A 1 3 x 1 { 3 x 2 3 x ' 
+ 3A_ (3UJ_ + 3 . 3 U 2 ) } ( 5 1 ) 
3 x 2 3x^ 3 x 2 
Homogeneous C o m p u t a t i o n s 
U s i n g t h e f i n i t e d i f f e r e n c e e q u a t i o n s ( 1 2 , 1 3 , 1 4 ) , t h e homogeneous 
p a r t s of e q u a t i o n s ( 5 0 , 5 1 ) become 
0 - T A x 7 - ( U 1 x + 1 y ' 2 U l * y + U l x - 1 y> + 4 (Ax) (Ay) < U 2 x + 1 y + 1 
- U2 
x + 1 y _ , " U 2 x H y + 1 + U 2 x . 1 y H ) + ^ J T C U ^ 
- 2U1 + U1 J (52) 
x y x y - 1 ' 
0 " W T ( U 2 X y + , " 2 U 2 x y + U 2 x y - , ) + TO2-(AyT(U,X+, y+1 
" U 1 x + 1 y -1 - U ' x - 1 y+1 + U ' x - 1 y . , ) + T ^ T ( U 2 X + , y 
- U2 + U2 t ) < 5 3 > x y x - 1 . y ' 
Where Ax = Ay (54) 
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R e a r r a n g i n g e q u a t i o n s ( 5 2 , 5 3 ) , t h e d i s p l a c e m e n t s of e a c h g r i d p o i n t 
of t h e homogeneous i n t e r i o r p a r t , i s 
U 1 * v = {3(U1 + Ul , ) + Ul + U1 + - ( U 2 
x y ^ v x+1 y x-1 y ' x y+1 x y -1 2 x + l y+1 
" U 2 X + 1 y H - U 2 x - 1 + U 2 x . 1 v _ l ) } / 8 
U 2 x y - { 3 ( U 2 x y + 1 + U 2 x y - 1 ) + U 2 x + 1 y + U 2 x _ i y , + 1 ( U 1 x + i 
" U l x + 1 y - 1 - U l x - i y + i ^ V l y - 1 ) } / 8 
Inhomogeneous C o m p u t a t i o n s 
The t w o - d i m e n s i o n a l inhomogeneous f a c t o r s can b e c a l c u l a t e d a p p r o x i ­
m a t e l y from e q u a t i o n (18) t o b e 
A k ' = S ( T ^ \ ) 
p a ' - p , a ? 
A k 2 = 4 ( p 2 a ^ ' 
S t r e s s e s C o m p u t a t i o n s 
The t h r e e s t r e s s componen t s ( f rom e q u a t i o n ( 1 ) ) c a n b e p r e s e n t e d i n 
t h e f o r m s : 
= T(1) = y(3(U1 ^ - U1 1 ) + U2 . - U2 -} /2Ax 11 v ' x+1 y x-1 y x y+1 x y-1 
T 0 0 = T(2) = p{3(U2 A 1 - U2 J + U1 A 1 - Ul - }/2Ax 22 v M x y+1 x y-1 x+1 y x-1 y 
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2 1 = T(3) = u(Ul -UI + U 2 v l 1 - U2 , ) /2Ax ^ i x y+l x y-1 X T ] y x - l y 
(61) 
* 2 1 - * 1 2 ( 6 2 ) 
From "Theo ry of E l a s t i c i t y " (Timoshenko and G o o d i e r , ( 1 9 7 0 ) , t h e 
p r i n c i p a l s t r e s s e s , T (4 ) and T ( 5 ) , a r e o b t a i n e d from 
T ( 4 ) = A+B (63) 
and T ( 5 ) = A-B (64) 
The maximum s h e a r i n g s t r e s s i s g i v e n a s 
T ( 6 ) . T(i.) - T (5 ) . g ( " ) 
w h e r e . 
A = I ( T ( 1 ) + T ( 2 ) ) (66) 
B - V { ( T ( 1 ) - T ( 2 ) ) / 2 } z + T ( 3 ) * (67) 
The a n g l e b e t w e e n t h e a x i s of t h e p r i n c i p a l s t r e s s and t h e c o o r d i n a t e 
a x i s i s 
$ = 1 t a n " 1 { 2 T ( 3 ) / ( T ( D - T ( 2 ) ) } < 6 8 > 
The s t r a i n e n e r g y p e r u n i t vo lume i s 
V Q = ( 2 ( T ( 1 ) 2 + T ( 2 ) 2 ) - T ( 1 ) - T ( 2 ) + 5 T ( 3 ) 2 } / 1 0 y < 6 9 > 
I n t h i s m a n n e r , a l l n e c e s s a r y f e a t u r e s of t h e s t r e s s d i s t r i b u t i o n a t 
a p o i n t c a n b e o b t a i n e d i f o n l y t h e t h r e e s t r e s s componen t s T ( l ) , T ( 2 ) , 
T ( 3 ) a r e known. 
( I l l ) Boundary C o n d i t i o n s and Models 
The Bowman, S o u t h C a r o l i n a , e a r t h q u a k e s a r e u s e d a s an example t o 
t e s t t h e h y p o t h e s i s . Bowman i s l o c a t e d a t 3 4 . 4 6 ° N , 80.58? n e a r O r a n g e ­
b u r g , S o u t h C a r o l i n a . An e a r t h q u a k e w i t h a maximum i n t e n s i t y of IV o c c u r ­
r e d n e a r Bowman a t 1 2 : 5 3 GMT on May 1 9 , 1 9 7 1 . B e f o r e t h a t t i m e no 
22 
e a r t h q u a k e s had b e e n r e p o r t e d w i t h i n a r a d i u s of 50 Km from t h e e p i c e n t r a l 
a r e a . T h r e e a d d i t i o n a l e a r t h q u a k e s of i n t e n s i t y I I I t o V and t h e i r a f t e r ­
s h o c k s o c c u r r e d w i t h i n e i g h t e e n m o n t h s . From more t h a n t h r e e h u n d r e d 
p o i n t s of g r a v i t y d a t a i n t h e v i c i n i t y of Bowman, Mckee (1974) h a s s u g g e s t ­
ed t h a t a h i g h - d e n s i t y b a s e m e n t s t r u c t u r e t r e n d i n g NE-SW u n d e r l i e s t h e 
e p i c e n t r a l a r e a . M a g n e t i c d a t a imp ly a h i g h e r m a g n e t i c s u s c e p t i b i l i t y i n 
t h e s t r u c t u r e t h a n i n t h e s u r r o u n d i n g b a s e m e n t m a t e r i a l s . The g r a v i t y 
c o n t o u r l i n e s s u g g e s t a s t r u c t u r e s h a p e a s shown i n F i g u r e 1 . Two and 
t h r e e - d i m e n s i o n a l m o d e l s of t h e s t r u c t u r e w e r e d e v e l o p e d t o s t u d y i t s i n ­
f l u e n c e on an a p p l i e d s t r e s s f i e l d and t h e p o s s i b i l i t y f o r s t r e s s a m p l i f i ­
c a t i o n . 
A T h r e e - D i m e n s i o n a l Model 
By u s i n g M c k e e ' s (1974) t h e o r e t i c a l g r a v i t y m o d e l i n g of a c r u s t a l 
s t r u c t u r e n e a r Bowman, Sou th C a r o l i n a and a p p l y i n g t h e c o n c e p t of s t r e s s 
a m p l i f i c a t i o n (Long , 1 9 7 4 ) , a t h r e e - d i m e n s i o n a l mode l f o r t h e c o m p u t a t i o n 
of s t r e s s c a n b e d e v e l o p e d a s shown i n F i g u r e 2 . B e c a u s e of t h e symmetry 
of t h e s t r u c t u r e , c o m p u t a t i o n of s t r e s s i n o n l y one q u a d r a n t of t h e s t r u c ­
t u r e was n e c e s s a r y a s shown i n F i g u r e 2 . For s i m p l i f i c a t i o n , t h e same 
3 
d e n s i t y , 3 . 0 gm/cm , was u s e d f o r t h e two m e d i a . The v e l o c i t y of medium 
I i s 6 k m / s e c and of medium I I i s 5 k m / s e c . 
On t h e t o p , t h e b o u n d a r y c o n d i t i o n was a f r e e s u r f a c e . On t h e b o t t o m , 
d i f f e r e n t i a l v e r t i c a l movement b e t w e e n two c r u s t a l b l o c k s was s i m u l a t e d 
w i t h a h y d r o s t a t i c f o r c e w i t h a c o s i n e a m p l i t u d e f u n c t i o n and b o u y a n t 
r e s t o r i n g f o r c e . The two e n d s and two s i d e s w e r e f i x e d i n t h e h o r i z o n ­
t a l d i r e c t i o n b u t we re f r e e t o move v e r t i c a l l y . The c o n c e p t s and 
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F i g u r e 2 . T h r e e - D i m e n s i o n a l S t r e s s Model of Bowman Area 
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c o m p u t a t i o n s of t h e b o u n d a r y c o n d i t i o n s i n t h e t h r e e - d i m e n s i o n a l model 
a r e s i m i l a r t o t h o s e of t h e t w o - d i m e n s i o n a l m o d e l s , b u t a l g e b r a i c a l l y 
more c o m p l e x . T h e r e f o r e , d e t a i l s i n t h e t h r e e - d i m e n s i o n a l model a r e n o t 
g i v e n s i n c e t h e y f o l l o w d i r e c t l y from t h e me thods a p p l i e d t o t h e t w o -
d i m e n s i o n a l m o d e l s . 
B Two-Dimens iona l V e r t i c a l Model 
A t w o - d i m e n s i o n a l model was computed i n t h e v e r t i c a l p l a n e w i t h t h e 
same b o u n d a r y c o n d i t i o n s a s w e r e u s e d i n t h e t h r e e - d i m e n s i o n a l model ( s e e 
F i g u r e 3 ) . Some of t h e d e t a i l e d g r a v i t y d a t a n e a r Bowman (Mckee, 1974) 
c a n b e i n t e r p r e t e d a s i m p l y i n g t h e e x i s t e n c e of a f a u l t o r change i n d e p t h 
t o t h e b a s e m e n t . 
W o o l l a r d T s (1957) r e f r a c t i o n d a t a p r o v i d e d v e l o c i t i e s of 2 . 4 km/ sec 
f o r medium I and 6 . 9 km/sec f o r medium I I . The d e n s i t y - v e l o c i t y c u r v e of 
3 
Nafe and Drake (1959) gave r e s p e c t i v e d e n s i t i e s of 2 . 1 gm/cm and 
3 
3 . 0 gm/cm f o r mediums I and I I . U s i n g t h e above d e n s i t i e s a l o n g w i t h 
g r a v i t y d a t a , Mckee (1974) e s t i m a t e d t h e d e p t h t o b a s e m e n t a t 0 . 5 km. The 
model t h e n c o n s i s t s of a h i g h - v e l o c i t y h i g h - d e n s i t y v e r t i c a l i n t r u s i v e 
o v e r l a i n by t h e c o a s t a l p l a i n s e d i m e n t s a s shown i n F i g u r e 3 . T h i s model 
was a l s o u t i l i z e d t o e v a l u a t e t h e s i g n i f i c a n c e of t h e c o a s t a l p l a i n c o v e r 
i n e a r t h q u a k e s and s t r e s s a c c u m u l a t i o n s . 
C o m p u t a t i o n f o r Homogeneous med ia 
From s i z e i n F i g u r e 3 one knows . the r a n g e of c o o r d i n a t e s x , y i n 
e q u a t i o n s ( 5 5 , 5 6 ) a r e l i m i t e d i n d i m e n s i o n s t o 2==x=20 and 2==y=5. 
\0k 
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F i g u r e 4 . Two-Dimens iona l H o r i z o n t a l S t r e s s 
Model of Bowman, Sou th C a r o l i n a , 
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F i g u r e 3 . Two-Dimens iona l V e r t i c a l S t r e s s 
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Commutat ion f o r I n h e m o g e n e i t y 
E q u a t i o n s f o r t h e c o m p u t a t i o n s a t b o u n d a r i e s b e t w e e n l a y e r s w i l l b e 
p r e s e n t e d i n t h i s s e c t i o n . I n t h e c o m p u t a t i o n t h e inhomogeneous t e r m s a r e 
added t o t h e homogeneous e q u a t i o n s . From t h e above and T a b l e 1 , one o b ­
t a i n s v e l o c i t i e s and d e n s i t i e s f o r u s i n g i n t h e e q u a t i o n s of 
a2 = 6 . 9 k m / s e c (70) 
= 2 . 4 k m / s e c (71) 
P 2 = 3 . 0 g/cm (72) 
P l = 2 . 1 g/cm (73) 
S u b s t i t u t i n g e q u a t i o n s ( 7 0 - 7 3 ) i n t o e q u a t i o n s ( 5 7 , 5 8 ) , one h a s 
Ak2 = + 0 . 2 2 8 8 (74) 
Akl = + 2 . 7 0 2 (75) 
The s i g n s of t h e AKi d e p e n d s on t h e s i g n of t h e g r a d i e n t of t h e Lame 
e l a s t i c p a r a m e t e r s . 
The inhomogeneous p a r t s of t h e e q u a t i o n s ( 5 0 , 5 1 ) become 
I U 1 x y * A K i ( U ' x y+1 " U ' x y-1 + U 2 x + 1 y " U 2 x - 1 y ) / 8 (76) 
I U 2 x y " A K i { U 1 x + 1 y ' U 1 x - 1 y + 3 ( U 2 x y+1 ' U 2 x y - 1 ) } / 8 ( " ) 
When t h e r e i s a g r a d i e n t i n t h e y d i r e c t i o n , t h i s would c o r r e s p o n d 
t o y = 3 . 5 and y = 4 . 5 i n F i g u r e 3 . 
When x = 1 0 . 5 ( F i g u r e 3 ) , t h i s i s a g r a d i e n t i n t h e x - d i r e c t i o n and t h e 
inhomogeneous p a r t s t a k e t h e form 
I Ul = AKi{3(U1 A l - Ul t ) + U2 A l - U2 J / 8 (78) x y x+1 y x -1 y x y+1 x y -1 
IU2 = AKi(U1 A 1 - U1 . + U2 A 1 - U2 , ) / 8 x y x y+1 x y-1 x*1 y x-1 y (79) 
<?> X 
fO / A& 
T h r e e 
Dimen­
s i o n a l 
Two D i m e n s i o n a l 
H o r i ­
z o n t a l 
V e r ­
t i c a l A B C D 
Area 
Bowman, 
Sou th C a r o l i n a , Area F r e e S u r f a c e P e r t u r b a t i o n s 
(Km/sec) 6 . 0 6 . 0 2 . 4 6 . 5 6 . 5 6 . 5 3 . 8 
(Km/sec) 5 . 0 5 . 0 6 . 9 3 . 8 3 . 8 6 . 5 
P x ( g m / c . c . ) 3 . 0 3 . 0 2 . 1 3 . 0 3 . 0 3 . 0 2 . 6 
P 2 ( g m / c . c . ) 3 . 0 3 . 0 3 . 0 2 . 6 2 . 6 3 . 0 
I n i t i a l Dis ­
p l a c e m e n t 
L i n e a r 
F u n c t i o n 
C o s i n e 
Curve 
C o s i n e 
Curve 
C o s i n e 
Curve 
C o s i n e 
Curve 
C o s i n e 
Curve 
C o s i n e 
Curve 
Top F r e e S u r f a c e 
F r e e 
S u r f a c e 
F r e e 
S u r f a c e 
F r e e 
S u r f a c e 
F r e e 
S u r f a c e 
F r e e 
S u r f a c e 
Ends F i x e d F i x e d F i x e d F i x e d F i x e d F i x e d F i x e d 
Bot tom 
H y d r o s t a ­
t i c R e s ­
t o r i n g 
P r e s s u r e 
H y d r o s t a ­
t i c R e s ­
t o r i n g 
P r e s s u r e 
H y d r o s t a ­
t i c R e s ­
t o r i n g 
P r e s s u r e 
•Hydrosta­
t i c R e s ­
t o r i n g 
P r e s s u r e 
H v d r o s t a -
t i c . R e s ­
t o r i n g 
P r e s s u r e 
Hydros t a ­
t i c . R e s ­
t o r i n g 
P r e s s u r e 
T a b l e 1 . Boundary C o n d i t i o n s of 7 M o d e l s . 
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I n e q u a t i o n s ( 7 6 - 7 9 ) i = l r e f e r s t o p o i n t s i n t h e medium I and i = 2 
r e f e r s t o p o i n t s i n t h e medium I I . 
F i x e d Ends 
B e c a u s e of t h e i m p l i e d symmetry of t h e c o s i n e shaped h y d r o s t a t i c 
d r i v i n g s t r e s s , t h e two ends w e r e c o n s t r a i n e d t o movements i n t h e + U2 
d i r e c t i o n s o n l y . Then t h e f o l l o w i n g r e l a t i o n c a n be u s e d t o p e r f o r m t h e 
c o m p u t a t i o n s a t t h e edge of t h e g r i d , 
UI , = 0 , U l 0 =-Ul , U 2 0 =U2 (80) 1 y 2 y o y 2 y o y 
U l 0 1 = 0 , U l o n = - U l 0 0 , U o n = U 2 0 0 (81) 21 y 20 y 22 y* 20 y 22 y 
U s i n g e q u a t i o n s ( 8 0 , 8 1 ) and e q u a t i o n s ( 5 5 , 5 6 ) , one c a n d i r e c t l y w r i t e 
t h e e q u i l i b r i u m c o n d i t i o n s a t b o t h ends i n t h e form 
U 1 1 y = U 1 2 l y = 0 (82) 
U 2 1 y " { 3 ( U 2 1 y+1 + U 2 1 y-1> + 2 U 2 2 y + U , 2 y+1 " U , 2 y - 1 } / 8 ( 8 3 ) 
U 2 2 1 y " { 3 ( U 2 2 , y+1 + U 2 2 1 y - , » + 2 U 2 2 0 y " U 1 2 0 y+1 
+ U 1 2 Q y . , } / 8 (8M 
F r e e S u r f a c e Top C o m p u t a t i o n s 
The f r e e s u r f a c e b o u n d a r y c o n d i t i o n s r e q u i r e t h a t t h e s t r e s s e s be 
z e r o , 
T = T = 0 (85) l 2 1 l 2 2 u 
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o r i n d i f f e r e n t i a l e q u a t i o n s fo rm: 
9U1 = 3U2 
9y " 3x (86) t o p 
3U2 = _ 1 M l I (87) 
3y 3 9x [ t o p 
U s i n g t h e f i n i t e d i f f e r e n c e a p p r o x i m a t i o n s , e q u a t i o n s ( 8 6 , 8 7 ) 
become 
UI = UI t + U2 - U2' (88) x y+1 x y-1 x-1 y x+1 y 
U2 = (3U2 - - UI - + U1 , ) / 3 (89) x y+1 x y -1 x+1 y x -1 y K y j 
S u b s t i t u t i n g e q u a t i o n s ( 8 0 , 8 1 , 8 8 , 8 9 ) i n t o e q u a t i o n s ( 5 5 , 5 6 ) , t h e 
d i s p l a c e m e n t s e q u i l i b r i u m c o n d i t i o n s f o r t h e t o p , a r e 
UI = {8(U1 + UI , ) + 6U1 , + 3(U2 , x y x+1 y x -1 y ' x y -1 v x -1 y 
- U 2 x + 1 y ) } / 2 2 (90) 
U2 = (6U2 , + UI - UI , ) / 6 (91) x y x y-1 x -1 y x+1 y ' K y ± J 
I n t h e r e d u c t i o n i t was n e c e s s a r y t o assume t h a t 
UI - 2U1 + U1 _ s 2(U1 , - 2U1 + UI , ) (92) x - 2 y x y x+2 y x -1 y x y x+1 y ; v J 
U2 - 2U2 + U2 ^ = 2(U2 , - 2U2 + U2 , ) (93) x - 2 y x y x+2 y ' x - 1 y x y x+1 y y K J 
H y d r o s t a t i c - P r e s s u r e Bot tom C o m p u t a t i o n s 
The b o u n d a r y c o n d i t i o n s of h y d r o s t a t i c p r e s s u r e , w e r e d e v e l o p e d by 
a s s u m i n g t h a t a p u r e l y n o r m a l s t r e s s was a p p l i e d t o t h e b o t t o m s u c h t h a t , 
T 2 1 = 0 (04) 
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x 2 2 = f ( x ) (95) 
Where f ( x ) i s an a r b i t r a r y f u n c t i o n of p o s i t i o n . 
The f u n c t i o n f ( x ) was assumed i n t h i s model t o b e a c o s i n e f u n c t i o n , 
s u c h t h a t t h e two s i d e s would e x p e r i e n c e d i f f e r e n t i a l v e r t i c a l f o r c e s . 
However , any r e a s o n a b l e f u n c t i o n c o u l d h a v e b e e n u s e d . 
By i n t r o d u c i n g a r e s t o r i n g f o r c e p r o p o r t i o n a l t o t h e v e r t i c a l d i s ­
p l a c e m e n t of t h e b o t t o m -ApgU2 x ^ t h e n o r m a l s t r e s s can b e w r i t t e n a s 
T 2 2 = f ( x ) = - Apg{U2 x 1 - 0 . 0 5 C O S ( ( X - 1 ) T T / 2 0 3 } (96) 
w h e r e Ap i s t h e d e n s i t y c o n t r a s t , and 
g i s a c c e l e r a t i o n of g r a v i t y 
From e q u a t i o n ( 9 6 ) , t h e b o t t o m b o u n d a r y c o n d i t i o n s a r e s a t i s f i e d by 
t a k i n g , 
y ( 3 | M i + M l ) = Apg{ -U2 x ] + 0 . 0 5 C G S ( ( X - 1 ) T T / 2 0 ] } (97) 
I n t h e d e v i a t i o n of t h e e q u a t i o n s P o i s s o n ' s r e l a t i o n (A=y) was 
a s s u m e d , so t h a t t h e s h e a r wave v e l o c i t y 3 can b e computed from t h e P-wave 
v e l o c i t i e s from 3 = o t / / 3 . I n t h e model ( F i g u r e 3) t h e s h e a r wave v e l o c i t i e s 
w e r e 3-^=1.38 k m / s e c , and 3 2 = 3 . 9 8 k m / s e c . 
From e q u a t i o n s ( 8 , 7 2 , 7 3 ) , t h e e l a s t i c p a r a m e t e r s a r e 
A1 = y 1 = 4 . 0 3 2 - 1 0 1 0 g / c m - s e c 2 = 4 . 0 3 2 - 1 0 ^ b a r s (98) 
\ 7 = y = 4 . 7 6 1 - 1 0 1 1 g / c m - s e c 2 = 4 . 7 6 1 - 1 0 5 b a r s i 2 ^2 y / u n - b e c = H . / O I - I U o a r s (99) 
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H e n c e , one c a n e x p r e s s e q u a t i o n (97) i n t e r m s of d i s p l a c e m e n t . 
Then 
3 ( U 2 x y + l " U 2 x y - 1 ) + U l x + 1 y - U l x - 1 y 
= - D1-U2 x 1 + E 1 . C O S [ ( X - 1 ) T T / 2 0 ; (100) 
D1 = 2(Ax) ( A p ) g / u 2 = 1 . 8 5 2 5 x 1 0 _ i + (101) 
El = 0 .05-D1 = 9 . 2 6 2 5 x 1 0 ~ 6 cm (102) 
(103) D2 = D1/2 = 9 . 2 6 2 5 x 1 0 ' 5 
E2 = E1/2 = 4 . 6 3 1 2 5 x 1 0 ~ 5 cm (104) 
w h e r e Ax = Ay = 0 . 5 km 
F o r t h e p a r t i c u l a r c a s e of y = 1 ( b o t t o m ) , one f i n d s on s o l v i n g f o r 
U2 from t h e s t r e s s c o n d i t i o n s t h a t x o 
3 U 2 x Q = D1-U2 x , + 3 U 2 x y + ] + u i x + ] , - U 1 x _ , , - E 1 . C o s ( ( x - 1 ) i r / 2 0 ) (105) 
S o l v i n g e q u a t i o n (94) f o r UI _ , one o b t a i n s 
x y 1 
x y -1 x y+1 x+1 y x-1 y (106) 
w h e r e y = 1 
S u b s t i t u t i n g e q u a t i o n s ( 8 0 , 8 1 , 9 0 , 9 1 , 1 0 5 , 1 0 6 ) i n t o e q u a t i o n s ( 5 5 , 5 6 ) , 
t h e e q u i l i b r i u m c o n d i t i o n s f o r d i s p l a c e m e n t s on t h e b o t t o m , a r e 
U 1 X y " < 6 U ' x y+1 + 8 < U 1 x + , y + U V , y> y " U 2 X - 1 y ' ' 
( E 2 - C o s ( ( x - 2 ) i r / 1 0 ) - C O S ( X T T / 1 0 0 } / 2 2 (107) 
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U2 = [SU2 _ ^ + U1 t - UI - - E 1 - C O S ( ^ T T ) J / ( 6 - D1) (108) x y * x y+1 x+1 y x -1 y 20 y 
w h e r e 2 1 x 1 20 
y = 1 
Four C o r n e r s C o m p u t a t i o n s 
S i m i l a r l y by c o n s i d e r i n g t h e symmetry of t h e b o u n d a r y , one f i n d s t h e 
f o l l o w i n g e x p r e s s i o n s f o r t h e d i s p l a c e m e n t s of t h e f o u r c o r n e r s . 
U l 1 1 = U 1 1 6 = U l 2 1 1 = U l 2 1 6 
(109) 
U 2 1 1 = (6U2 t 2 + 2 U 1 2 1 - E1) / (6~D1) (110) 
u 2 1 6 " ( 6 U 2 1 5 - 2 U 1 2 6 ) / 6 (111) 
U 2 2 1 1 = ( 6 U 2 2 1 2 ' 2 U 1 2 0 1 + E 1 ) / ^ " D 1 ) (112) 
U 2 2 1 6 = ( 6 U 2 2 1 5 + 2 U 1 2 0 6 ) / 6 
(113) 
C Two-Dimens iona l H o r i z o n t a l Model 
The g r a v i t y c o n t o u r l i n e s s u g g e s t a t w o - d i m e n s i o n a l h o r i z o n t a l 
s t r u c t u r e a s shown i n F i g u r e 4 . The medium I i s t h e h i g h - v e l o c i t y h i g h -
r i g i d i t y m a t e r i a l . A l l of t h e p r o p e r t i e s of medium I I a r e l o w e r i n 
m a g n i t u d e t h a n i n medium I . The b o u n d a r y c o n d i t i o n s of t h i s model a r e 
shown i n T a b l e 1 . A l l t h e c o m p u t a t i o n s i n t h i s model a r e s i m i l a r t o 
t h o s e of t h e p r e c e d i n g v e r t i c a l m o d e l . T h e r e f o r e , t h e d e t a i l s of t h e 
e q u a t i o n s w i l l n o t be d i s c u s s e d i n t h i s s e c t i o n ( r e f e r t o t h e compu te r 
p r o g r a m of Append ix I ) . 
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(IV) I n i t i a l C o n d i t i o n s and Methods of S o l u t i o n s 
Two-Dimens iona l Models 
I n t h e i n i t i a l d e v e l o p m e n t of t w o - d i m e n s i o n a l mode l s t h e s e t of d i s ­
p l a c e m e n t s w e r e a p p r o x i m a t e d by a s e t of c o s i n e c u r v e s s i m i l a r t o t h e 
n o r m a l s t r e s s a p p l i e d a l o n g t h e x - a x i s t o t h e b a s e and an a m p l i t u d e a l o n g 
t h e y - a x i s of 0 . 1 km p e a k t o p e a k f o r e a c h c u r v e ( s e e F i g u r e 5 ) . The 
c o s i n e f u n c t i o n was u s e d s i n c e i t was t h e s i m p l e s t f u n c t i o n wh ich would 
a p p r o x i m a t e t h e e x p e c t e d f i n a l s o l u t i o n . 
By u s i n g t h e a b o v e v a l u e s f o r t h e d i s p l a c e m e n t s a s i n i t i a l i n p u t 
d a t a and e q u a t i o n s ( 7 6 - 7 9 , 9 0 , 9 1 , 1 0 7 - 1 1 3 ) and t h e method of s u c c e s s i v e 
a p p r o x i m a t i o n (Timoshenko and G o o d i e r , 1 9 7 0 ) , a c o m p u t e r p r o g r a m was d e ­
v e l o p e d w h i c h i t e r a t i v e l y computes t h e d i s p l a c e m e n t of e a c h g r i d p o i n t 
( r e f e r t o p r o g r a m s t r e s s ) u n t i l no f a r t h e r c h a n g e i s o b s e r v e d . 
U s i n g t h e f i n a l d i s p l a c e m e n t s a t e a c h g r i d p o i n t and e q u a t i o n s 
( 5 9 - 6 9 ) t h e f o l l o w i n g can b e e v a l u a t e d ; (1) p r i n c i p a l s t r e s s e s , (2 ) m a x i ­
mum s h e a r s t r e s s , (3 ) s t r a i n e n e r g y p e r u n i t v o l u m e , (4 ) t h e a n g l e be tween 
t h e a x i s of s t r e s s e s and t h e c o o r d i n a t e a x i s . 
T h r e e - D i m e n s i o n a l Model 
Fo r t h e t h r e e - d i m e n s i o n a l m o d e l , a l i n e a r f u n c t i o n w i t h maximum a m p l i ­
t u d e s of +50 m e t e r s a l o n g t h e y - a x i s (U2 d i r e c t i o n ) was u s e d f o r t h e i n i t i a l 
c o n d i t i o n i n t h e x d i r e c t i o n . The method of s u c c e s s i v e a p p r o x i m a t i o n was 
u s e d a l s o i n t h e t h r e e - d i m e n s i o n a l m o d e l . C o n s i d e r i n g t h a t t o o much 
c o m p u t e r t i m e w i l l b e u s e d i n c o m p u t a t i o n of t h e t h r e e - d i m e n s i o n a l m o d e l , 
t h e d i s p l a c e m e n t s a f t e r e a c h 100 o r 200 i t e r a t i o n s w e r e s a v e d f o r u s e a s 
i n p u t d a t a f o r n e x t s e q u e n c e of i t e r a t i o n s . 
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F i g u r e 5 . I n i t i a l D i s p l a c e m e n t s a t Each Gr id P o i n t ( C o s i n e 
Curve w i t h A m p l i t u d e of 50 M e t e r s ) . 
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CHAPTER I I I 
RESULTS AND DISCUSSION OF BOWMAN MODELS 
H o r i z o n t a l Model 
U s u a l l y a m a t e r i a l b r e a k s on a p p l i c a t i o n of e i t h e r of two d i f f e r e n t 
t y p e s of s t r e s s e s , s h e a r i n g s t r e s s o r n o r m a l s t r e s s . The t y p e of r u p t u r e 
t h a t o c c u r s d e p e n d s on t h e m a c h a n i c a l b e h a v i o r of t h e m a t e r i a l a s w e l l a s 
t h e t y p e of s t r e s s . Under t e n s i o n t h e r u p t u r e u s u a l l y o c c u r s a l o n g a 
s u r f a c e of maximum t e n s i l e s t r e s s . Under c o m p r e s s i o n o r s h e a r t h e r u p t u r e 
u s u a l l y o c c u r s a l o n g p l a n e s of maximum s h e a r s t r e s s . The h o r i z o n t a l s h e a r 
model i s d e s i g n e d t o show t h e e f f e c t s of i m h o m o g e n e i t i e s on a p p l i e d s h e a r 
o r n o r m a l s t r e s s . F i g u r e 6 shows t h e v a l u e s and o r i e n t a t i o n s f o r maximum 
s h e a r s t r e s s a t e ach g r i d p o i n t f o r t h e h o r i z o n t a l s h e a r s t r e s s model r e ­
s u l t i n g from a p p l i c a t i o n of a r e g i o n a l s h e a r s t r a i n . 
The s t r e s s e s a r e s y m m e t r i c a b o u t two a x e s b e c a u s e of t h e geomet ry 
of t h e c e n t r a l h i g h - v e l o c i t y and h e n c e r i g i d s t r u c t u r e . The s t r e s s e s c o n ­
c e n t r a t e d i n t h e r i g i d m a t e r i a l w e r e from 1.5 t o 2 . 0 t i m e s g r e a t e r t h a n i n 
t h e i m m e d i a t e l y a d j a c e n t p o r t i o n s of t h e s u r r o u n d i n g s t r u c t u r e , and d e ­
c r e a s e d o u t w a r d i n t h e s u r r o u n d i n g l o w - v e l o c i t y , l o w - r i g i d i t y m a t e r i a l . 
I n t h e s u r r o u n d i n g m a t e r i a l , t h e s t r e s s e s w e r e c o n c e n t r a t e d n e a r t h e s h a r p 
c o r n e r s . F i g u r e 7 i s a c o n t o u r map of t h e m a g n i t u d e s of t h e maximum s h e a r 
s t r e s s f o r t h e h o r i z o n t a l s h e a r s t r e s s m o d e l . The g r a d i e n t a l o n g t h e l o n g 
a x i s of t h e c e n t r a l r i g i d s t r u c t u r e i s l ow. I f s t r e s s a m p l i f i c a t i o n i s 
h i g h e r i n a l o c a l i z e d a r e a s u c h t h a t t h e s t r e n g t h of t h e m a t e r i a l i s e x ­
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H o r i z o n t a l Model of Bowman A r e a . 
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g r a d i e n t , w h i c h i n t h i s c a s e i s n o r m a l t o t h e a x i s of t h e of t h e s t r u c t u r e . 
F i g u r e 8 shows t h e p r i n c i p a l s t r e s s (no rma l s t r e s s ) a t e ach p o i n t 
f o r t h e h o r i z o n t a l s h e a r s t r e s s m o d e l . The v a l u e s a r e s y m m e t r i c t h r o u g h 
t h e c e n t e r . The s t r e s s e s a r e c o n c e n t r a t e d i n t h e t h i n c e n t r a l p a r t of t h e 
h i g h v e l o c i t y s t r u c t u r e . The o r i e n t a t i o n of t h e s t e e p e s t g r a d i e n t i s t o ­
ward t h e n o r t h w e s t . 
F i g u r e 9 shows t h e v a l u e s of t h e s t r a i n e n e r g y p e r u n i t v o l u m e . 
The d i s t r i b u t i o n of s t r a i n e n e r g y p e r u n i t volume i s s i m i l a r t o t h e d i s t r i ­
b u t i o n of maximum s h e a r s t r e s s ( F i g u r e 7 ) . The s t r a i n e n e r g y p e r u n i t 
vo lume a l s o shows f o u r q u a d r a n t symmet ry , h i g h v a l u e s i n s i d e t h e r i g i d 
b o d y , and e n e r g y c o n c e n t r a t e d n e a r t h e c o r n e r s i n t h e s u r r o u n d i n g m e d i a . 
Combining t h e i n f o r m a t i o n i n F i g u r e s ( 6 , 7 , 8 , 9 ) , one can deduce t h e most 
l i k e l y p l a n e f o r t h e o c c u r r e n c e of e a r t h q u a k e s , t o b e i n t h e t h i n c e n t e r 
p o r t i o n a l o n g a d i r e c t i o n from n o r t h t o N 45° W. The m i c r o e a r t h q u a k e e p i ­
c e n t e r s shown i n F i g u r e 1 a r e c o m p a t i b l e w i t h t h e h o r i z o n t a l s t r e s s m o d e l . 
The above d i s c u s s i o n of t h e model a l o n g w i t h F i g u r e 1 s u g g e s t s t h a t 
t h e e p i c e n t e r l o c a t i o n s c o r r e l a t e w i t h t h e e x p e c t e d zone of s t r e s s c o n -
c o n c e n t r a t i o n s . 
V e r t i c a l Model 
F i g u r e 3 r e p r e s e n t s a v e r t i c a l model w i t h v e r t i c a l u p l i f t f o r c e s 
i n t h e form of a c o s i n e f u n c t i o n a p p l i e d t o t h e b o t t o m . The d i s t r i b u t i o n 
of maximum s h e a r s t r e s s ( F i g u r e 10) shows t h a t t h e s t r e s s e s a r e l a r g e r i n 
t h e more r i g i d b o d y , e s p e c i a l l y a l o n g t h e inhomogeneous b o u n d a r y . The 
v a l u e s i n medium I I a r e s e v e r a l t i m e s l a r g e r t h a n i n medium I . The h i g h 
s t r e s s e s c o n c e n t r a t e d a t b o t h ends of t h e s t r u c t u r e a r e due t o t h e 
F i g u r e 8 . Con tou r Map of P r i n c i p a l S t r e s s of H o r i z o n t a l 
Model of Bowman A r e a . 
F i g u r e 9 . Contour Map of S t r a i n Energy of t h e 
H o r i z o n t a l Model of Bowman A r e a . 
F i g u r e 1 0 . The D i s t r i b u t i o n of Maximum S h e a r i n g S t r e s s of 
t h e V e r t i c a l Model of Bowman A r e a . 
43 
c o n s t r a i n t of f i x i n g t h e e n d s . B e c a u s e of t h i s t h e c e n t r a l p o r t i o n p r o ­
v i d e s a more m e a n i n g f u l r e s u l t . F i g u r e 11 i s t h e e n l a r g e d c e n t r a l p o r t i o n 
of t h e s t r u c t u r e showing t h e p l a n e s of maximum s h e a r s t r e s s . The o r i e n ­
t a t i o n s and m a g n i t u d e s ( F i g u r e 11) of t h e max imum-shea r ing s t r e s s e s a t 
e a c h g r i d p o i n t i n d i c a t e t h a t t h e s h a r p c o r n e r w i l l f o s t e r t h e h i g h s t r e s s 
c o n t r a s t b e t w e e n t h e low v e l o c i t y and h i g h v e l o c i t y m a t e r i a l . The d o t t e d 
l i n e s r e p r e s e n t t h e p o s s i b l e f a u l t p l a n e s wh ich a r e d i s t o r t e d by t h e b o u n d a r y 
b e t w e e n t h e two m a t e r i a l s , an i m p o r t a n t r e s u l t shown i n F i g u r e 11 i s t h e 
p e r t u r b a t i o n of t h e o r i e n t a t i o n of t h e f a u l t p l a n e s w h i c h i s due t o t h e 
c o r n e r e f f e c t and c h a n g e i n t h i c k n e s s . 
F i g u r e 12 i s a c o n t o u r map of t h e max imum-shea r ing s t r e s s w i t h a 
c o n t o u r i n t e r v a l of 200 b a r s . The b r o a d s p a c i n g of c o n t o u r s i n medium I 
i n d i c a t e l e s s c h a n g e i n s t r e s s , w h e r e a s t h e s h a r p g r a d i e n t o r t h e d e n s e 
g r o u p i n g of t h e c o n t o u r i n medium I I s i g n i f i e s t h e p l a c e of h i g h e s t s t r e s s 
a c c u m u l a t i o n . M o r e o v e r , t h e c o r n e r a r e a shows t h e h i g h e s t s t r e s s w i t h a 
maximum of 824 b a r s . 
I n medium I t h e s t r e s s e s a r e s i g n i f i c a n t l y l e s s t h a n i n medium I I . 
T h i s i n d i c a t e s t h a t s e d i m e n t a r y o v e r b u r d e n would b e o n l y m i n i m a l l y i n v o l v e d 
i n e a r t h q u a k e m e c h a n i s m s . ( i . e . , t h e s t r e s s e s a r e d e c o u p l e d by t h e 
c o n t r a s t i n u ) . 
T h r e e - D i m e n s i o n a l Model 
The s t r e s s d i s t r i b u t i o n was a l s o i n v e s t i g a t e d i n t h r e e - d i m e n s i o n s . 
The t h r e e - d i m e n s i o n a l model and r e s u l t s a r e shown i n F i g u r e 1 3 . The t h r e e 
d i a g r a m s i n t h e l o w e r l e f t hand p o r t i o n of F i g u r e 13 show t h e maximum 
s h e a r s t r e s s d i s t r i b u t i o n f o r t h r e e p l a n e s e c t i o n s ( 1 = 2 , 7 , 1 1 ) . The s t r e s s 
F i g u r e 1 1 . F a u l t P l a n e O r i e n t a t i o n E s t i m a t e f o r C e n t e r 
P a r t of V e r t i c a l Model of Bowman A r e a . 
F i g u r e 1 2 . Con tou r Map of C e n t e r P a r t of t h e V e r t i c a l Model 
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d i s t r i b u t i o n s a r e s i m i l a r w i t h a n o t e d h i g h e r maximum s h e a r s t r e s s 
a c c u m u l a t i o n i n t h e h i g h v e l o c i t y m a t e r i a l . I n s e c t i o n s 1=2 and I I t h e 
u p p e r and l o w e r s a m p l i n g l i n e s i n d i c a t e s i m i l a r b u t h i g h e r v a l u e s t h a n 
t h e c e n t e r l i n e m a i n l y b e c a u s e s h e a r s t r e s s becomes a minimum a t t h e 
g e o m e t r i c c e n t e r of t h e c o u p l e . However , t h e s e c t i o n , 1=7, i s i n d i r e c t 
c o n t r a s t w i t h t h e a b o v e two s e c t i o n s i n t h a t i t shows a maximum s h e a r 
s t r e s s i n t h e c e n t e r . 
A n o t h e r s e c t i o n (K=2) a t r i g h t a n g l e s t o t h e o t h e r s i s r e p r e s e n t e d 
i n t h e l o w e r r i g h t hand p o r t i o n of F i g u r e 1 3 . The u p p e r d i a g r a m g i v e s t h e 
d i r e c t i o n s of maximum s h e a r s t r e s s ( d o t t e d l i n e s ) , maximum p r i n c i p a l s t r e s s 
( l o n g s o l i d l i n e w i t h a r r o w ) . The l o w e r d i a g r a m g i v e s t h e m a g n i t u d e s of 
s h e a r s t r e s s i n k i l o - b a r s f o r K=2. The d i r e c t i o n and m a g n i t u d e of s t r e s s e s 
a r e a f f e c t e d by t h e n e a r by g e o m e t r y and t h i c k n e s s of t h e h i g h - v e l o c i t y 
m a t e r i a l . The m a g n i t u d e s of s t r e s s a r e h i g h e r w h e r e t h e m a t e r i a l i s 
t h i n n e r ( 1=8 -11 ) a s compared t o t h e v a l u e s w h e r e t h e m a t e r i a l s i s t h i c k e r 
( 1 = 2 - 5 ) and t h e d i r e c t i o n s a r e p e r t u r b e d n e a r 1=7. 
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CHAPTER IV 
FREE SURFACE PERTURBATION 
The f r e e s u r f a c e p e r t u r b a t i o n o r change i n s t r e s s e s a t t h e f r e e 
s u r f a c e w i l l b e d i s c u s s e d by c o n s i d e r i n g t h e r e s u l t s o r v a l u e s of s t r e s s 
f o r t h r e e mode l s shown i n F i g u r e s 1 4 ( a , b , c , d ) . The b o u n d a r y c o n d i t i o n s 
a r e t h e same a s f o r t h e p r e v i o u s v e r t i c a l m o d e l . 
F i g u r e s 1 5 , 1 6 , 1 7 , 1 8 show t h e v a l u e s of maximum s h e a r i n g s t r e s s 
c o r r e s p o n d i n g t o t h e mode l s A,B,C,D shown i n F i g u r e s 14A,14B,14C,14D. 
Model A 
The e x p o s i t i o n shown i n F i g u r e 15 d e m o n s t r a t e s t h e r e l a t i o n b e t w e e n 
a s y m m e t r i c h o m o g e n e o u s - i s o t r o p i c m a t e r i a l and t h e r e s u l t a n t s t r e s s d i s ­
t r i b u t i o n . The c e n t e r of t h e m a t e r i a l e x h i b i t s a h i g h c o n c e n t r a t i o n of 
s t r e s s . And b e c a u s e of f i x i n g t h e ends h i g h s t r e s s v a l u e s o c c u r a t t h e 
f o u r c o r n e r s . S i n c e t h e n o r m a l s t r e s s component i s z e r o a t t h e f r e e 
s u r f a c e t h e d i r e c t i o n s of max imum-shea r ing s t r e s s e s a t e ach g r i d p o i n t 
a l o n g t h e s u r f a c e a r e 45° from t h e c o o r d i n a t e a x i s . The m a g n i t u d e i n c r e a s e s 
s y m m e t r i c a l l y o u t w a r d ( a l o n g x a x i s ) from a c e n t r a l low s t r e s s v a l u e t o 
t h e h i g h v a l u e s a t t h e c o r n e r s . I f t h e c o r n e r e f f e c t i s i g n o r e d t h e s t r e s s 
d i s t r i b u t i o n p o s s e s s e s a c e n t e r of symmetry which c o r r e s p o n d s t o t h e g e o ­
m e t r i c c e n t e r of t h e m o d e l . The m a g n i t u d e d e c r e a s e s r a d i a l l y o u t w a r d from 
t h e c e n t e r v a l u e of 2 K b a r . T h i s homogeneous model was computed t o a l l o w 
c o m p a r i s o n w i t h t h e o t h e r inhomogeneous m o d e l s . 
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F i g u r e 1 4 . M a t h e m a t i c a l Models ( a ) Model A (b) Model B 
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F i g u r e 1 5 . The D i s t r i b u t i o n of t h e Maximum S h e a r i n g 
S t r e s s f o r Model A. 
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Model B 
F i g u r e 16 r e s o l v e s t h e q u e s t i o n a s t o what h a p p e n s t o t h e s t r e s s 
d i s t r i b u t i o n when a r i g i d m a t e r i a l i s o v e r l a i n by a l e s s r i g i d m a t e r i a l 
of l o w e r v e l o c i t y and d e n s i t y . The r e s u l t s i n d i c a t e t h a t b o t h t h e m a g n i ­
t u d e and d i r e c t i o n of s t r e s s c h a n g e , t h e b o u n d a r y b e t w e e n t h e two media 
b e h a v e s a l m o s t a s a f r e e s u r f a c e . F i g u r e 16 a l s o shows a h i g h e r o v e r a l l 
c o n c e n t r a t i o n of s t r e s s f o r t h e h i g h r i g i d i t y m a t e r i a l , e s p e c i a l l y a t t h e 
b o u n d a r y , a s o p p o s e d t o t h e o v e r l y i n g low r i g i d i t y m a t e r i a l . The lower 
medium b e h a v e s s i m i l a r l y t o t h e homogeneous model ( F i g u r e 15) i n which 
t h e s t r e s s d i s t r i b u t i o n p o s s e s s e s a g e o m e t r i c c e n t e r of symmetry . T h e r e ­
f o r e , i t a p p e a r s t h a t a t h i n o v e r l y i n g l o w - v e l o c i t y l o w - d e n s i t y m a t e r i a l 
o n l y s l i g h t l y a f f e c t s t h e s t r e s s d i s t r i b u t i o n and m a g n i t u d e f o r a more 
r i g i d b o d y . 
Model C 
As shown i n F i g u r e 17 t h e v a r i a t i o n i n s t r e s s i n t h e r i g h t hand 
p o r t i o n i s a b o u t t h e same a s i n model B. I n t h e v i c i n i t y of t h e s h a r p 
c o r n e r t h e s t r e s s i s a m p l i f i e d i n b o t h m a t e r i a l s . The u p p e r l e f t hand 
c o r n e r shows a n o m a l o u s l y low s t r e s s v a l u e s a s compared t o t h e v a r i a t i o n s 
i n model A. T h i s l o w e r i n g of s t r e s s may b e a t t r i b u t e d t o s t r e s s m i g r a ­
t i o n t o w a r d t h e c o r n e r a r e a . 
Model D 
Model D i n F i g u r e 14 i s i d e n t i c a l t o model C e x c e p t medium I i s 
r e v e r s e d w i t h medium I I . The s t r e s s d i s t r i b u t i o n f o r model D i s shown 
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a s i n model C. But i n t h i s c a s e t h e h i g h - v e l o c i t y h i g h - d e n s i t y m a t e r i a l 
d o e s n o t c o n t a i n t h e g r e a t e r s t r e s s a c c u m u l a t i o n b e c a u s e of i t s s m a l l 
s i z e , f r e e s u r f a c e b o u n d a r y and f l o a t i n g s t a t e w i t h r e s p e c t t o t h e l ower 
medium. A r i g i d u n i t n o t c o m p l e t e l y c o u p l e d t o a p p l i e d s t r e s s o r s t r a i n 
g e n e r a t e s h i g h s t r e s s e s i n t h e s u r r o u n d i n g media r a t h e r t h a n a m p l i f i c a t i o n 




The r e s u l t s of t h i s s t u d y a r e summarized a s f o l l o w s : 
(A) The s t r e s s f i e l d and r e s u l t i n g d e f o r m a t i o n a r e s t r o n g l y d e ­
p e n d e n t on t h e i n i t i a l s h a p e , i n t e r n a l s t r u c t u r e , m e c h a n i c a l 
p r o p e r t i e s of t h e b o d y , o r i e n t a t i o n of f o r c e v e c t o r s and t h e 
n a t u r e of a p p l i c a t i o n s ( e . g . c o m p r e s s i v e , t e n s i l e , s h e a r . . . . ) . 
(1) H i g h e r s t r e s s e s a r e c o n c e n t r a t e d i n t h e more r i g i d p o r ­
t i o n of a model c o n s i s t i n g of two d i f f e r e n t , m a t e r i a l s . 
I n a model of two c o m p o n e n t s , one h a v i n g a low v e l o c i t y 
and low d e n s i t y and t h e o t h e r h a v i n g a h i g h v e l o c i t y and 
h i g h d e n s i t y , a h i g h e r s t r e s s a c c u m u l a t i o n o c c u r s i n t h e 
h i g h - v e l o c i t y h i g h - d e n s i t y m a t e r i a l . F u r t h e r t h e g r e a t ­
e r c o n t r a s t i n v e l o c i t y a n d / o r d e n s i t y b e t w e e n t h e two 
med ia t h e h i g h e r t h e s t r e s s a c c u m u l a t i o n . . 
(2 ) I n g e n e r a l , t h e m a g n i t u d e of s t r e s s i s l a r g e r a l o n g t h e 
i n t e r f a c e o r b o u n d a r y b e t w e e n t h e two l a y e r s . 
(3) I f t h e g e o m e t r y of t h e model i s s u c h t h a t a s h a r p c o r n e r 
e x i s t s t h e h i g h e s t a c c u m u l a t i o n of s t r e s s o c c u r s a r o u n d 
t h i s c o r n e r . 
(B) I n t h e c a s e w h e r e a h i g h - v e l o c i t y h i g h - d e n s i t y l a y e r i s 
o v e r l a i n by a l o w - v e l o c i t y l o w - d e n s i t y l a y e r t h e t o p s u r f a c e 
of t h e h i g h - v e l o c i t y l a y e r a c t s a s a f r e e s u r f a c e w i t h t h e 
e f f e c t of t h e s u r f a c e l a y e r b e i n g minimum. 
57 
C o n s i d e r a s m a l l body of h i g h v e l o c i t y and h i g h d e n s i t y 
immersed i n a l o w - v e l o c i t y l o w - d e n s i t y m a t e r i a l o r v i c e v e r s a . 
The s m a l l body c a n n o t c o n c e n t r a t e a l a r g e amount of s t r e s s , 
b u t s t r o n g l y i n f l u e n c e s s t r e s s e s i n s u r r o u n d i n g m a t e r i a l . 
E a r t h q u a k e s i n s o u t h e a s t e r n U n i t e d S t a t e s o r i n inhomogeneous 
med ia may o c c u r a l o n g t h e s u r f a c e s wh ich p a s s t h r o u g h t h e 




Apply m o d e l i n g t e c h n i q u e t o o t h e r s e i s m i c a l l y a c t i v e a r e a 
i n t h e S o u t h e a s t , s u c h a s : J o c a s s e R e s e r v i o r Area ( S o u t h 
C a r o l i n a ) , C h a r l e s t o n ( S o u t h C a r o l i n a ) f and o t h e r i n t r a -
p l a t e e p i c e n t r a l a r e a s . 
By r e d u c i n g t h e g r i d s p a c i n g t o 0 . 1 KM o r e n l a r g i n g t h e 
s i z e b e t t e r r e s o l u t i o n of t h e s t r e s s d i s t r i b u t i o n may b e 
o b t a i n e d . 
Modify t h e s h a p e o r t y p e of model i n o r d e r t o encompass a 
more v a r i e d s t r u c t u r e . 
The v i s c o s i t y of a r o c k d e p e n d s on t h e s h e a r s t r e s s . I f 
t h e v i s c o s i t y and o r c h a n g e i n v i s c o s i t y w e r e known t h e n t h e 
r e s u l t i n g s t r e s s d i s t r i b u t i o n would b e a l t e r e d , p e r h a p s t o 




PRINTOUT OF " STRLSS A " PROGRAM 
P R 0 G R A H ii AI N ( IN P U "I y 0 U T F" U T y P U N C H y T A P E 5 - IN P U1"y T A F:' E 6 == 0 U T P U T y T A P E 7 ~ 
CRUNCH?DEBUG-OUTPUT) 
DIMENSION U.1. ( 1050) y U 2 ( 1 0 5 0 ) y T ( 6 ) y I B U F < 5 1 2 ) 
COMMON L l y L 2 v L 3 
P I : : : : 3 * 14 1 5 9 
NITER =-200 
N = 2 
M = 1 
F 1 - - 0 . 0 7 6 3 8 
F'2 = ~ 0 . 11 
G l = l . 0 8 E 0 3 
G 2 - 7 . 5 0 E 0 2 
W R I I E ( 6 9 1 0 6 ) 
1 0 7 F 0RMA T ( 3 1 H H 0 R I Z 0 NTA L MODEL OF BOWMAN AREA) 
W R I T E ( 6 y 1 0 7 ) 
1 0 6 F O R M A T ( / / 7 H S T R E S S A / / ) 
C 
C I N I T I A L INPUT 
C 
DO 1 1 = 1 ? 2 5 
A M P = 0 . 0 5 t t ( 1 3 - . T > / 1 0 . 
DO 1 L=-I 9 1 0 5 0 y 2 5 
U 2 ( L ) = A M P 
1 CONTINUE 
C 
C ITERATE APPROXIMATION NITER TIMES 
c: 
DO 1 0 0 I T = 1 y N I T E R 
C 
C HOMOGENEOUS COMPUTATIONS 
C 
DO 1 0 I ~ 2 y 2 4 
C 
C COMPUTE INTERIOR P O I N T S 
C 
DO 1 0 , l ^ 2 v 2 0 
CALL L O C ( I y J y M ) 
NEW==L2-<M-N > * 5 2 5 
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PRINTOUT OF STRESSA ( C o n t i n u e d ) 
Ul < N E U ) ~ ( 3 . # ( U 1 (L2---1 H U 1 ( L 2 +1 ) M-Ul ( L I H-Ul ( L 3 ) +0 * S * (LJ2 ( L 3 U ) -
C U 2 ( L 3 - 1 ) - U 2 ( L1 i 1 ) {• U 2 ( L1 •-1 ) ) ) / 8 . 
U2 ( NEW ) =•- < 3 . # ( U2 < L3 ) HJ2 ( L1 ) ) HJ2 ( L 2 ~ 1 ) + U2 ( L2L 1 ) +0 . 5 * ( U1 ( L 3 i 1 ) -
C U1 ( L 3 - 1 ) -1J1 ( L1 i 1 ) !• IJ1 ( L1 - 1 ) ) ) / 8 . 
1 0 CONTINUE 
C 
C COMPUTE INHOMOGENIETY FACTOR 
C IN H1GH-UEL MEDIA AK :~F1 
C IN LOld - U E L MEDIA AK : :=F2 
C 
DO 2 0 0 1^2 y 1 5 
Ml= 6 ! - ( I / l 1 ) # 3 
M2= 7 + ( 1 / 1 1 ) * 3 
M 3 = 1 5 - ( 1 / 1 1 ) * 3 
M 4 ~ 1 6 - ( I / l 1 ) * 3 
AK = F 2 
DO 2 0 J - M l * M2 
CALL LOCK I y J y M) 
N E W ^ L 2 - ( M - N 
U1 ( N E Ul ) ^ IJ J. ( N E! U!) i A K % ( U1. ( L 3 ) •- U1 ( L. 1 ) + U 2 ( L 2 •!-1 ) - U 2 < I... 2 ••-1 ) ) / 8 . 
U2(NEW)=-U2(NEW)f A K t ( U 1 ( L 2 + 1 ) ~ U 1 ( L 2 - U 2 ( L 3 ) - U 2 ( L i ) ) ) / 8 . 
AK=::F 1 
2 0 CONTINUE 
DO 2 0 0 J ^ M 3 ? M 4 
CALL L O C ( I v J y M ) 
NEW=L.2~(M-N>*525 
Ul ( NEW ) U3. ( Nl» W ) ••• AK* ( U1 (I...3 ) - U 1 ( L 1 ) + U2 ( L2••}• 1 ) -U2 ( L 2 - 1 ) ) / 8 . 
'U2(NEUI)^U2(NEW)-AKJK(U1 ( L 2 f 1 ) - U l (L2- -1 > + 3 . * ( U 2 ( L 3 ) ~ U 2 < L I ) ) ) / 8 . 
AK--F2 
2 0 0 CONTINUE 




M8 = 1 6 
AK- : ;F2 
DO 3 0 J==M5yM6 
CALL L 0 0 ( I y J y M ) 
N E : W = " L 2 - ( M - - N ) * 5 2 L = ; 
U 1 ( N E W ) ^ U 1 ( N E W ) F A K * ( U 1 ( L 3 ) - U 1 ( L 1 ) + U 2 ( L 2 }• 1 ) - U 2 ( L 2 - 1 ) ) / 8 . 
U 2 ( N E W ) ^ U 2 ( N E W > i A K * ( U l ( L 2 f 1 ) - U l ( L 2 - 1 H - 3 . # ( U2 < L 3 )--U2 ( L I ) ) ) / 8 . 
A K - F 1 
3 0 CONTINUE 
61 
PRINTOUT OF STRESSA ( C o n t i n u e d ) 
DO 3 0 0 J==M7 9 MB 
CALL L 0 C ( I ? J v M ) 
N E W ~ L 2 - ( M - N ) * 5 2 5 
U1 < NEW ) =U K N E W ) -AK* ( U1 ( L 3 ) - U 1 ( L1 ) H.J2 ( L2 + 1 ) --U2 ( L2 - i ) ) / 8 . 
U2 ( NEW ) =:--U2 < NEW ) ~AK* ( Ui. ( L 2 L 1 ) - U I ( L 2 - 1 ) f 3 • * ( U2 ( L 3 ) - U 2 C L I ) ) ) / 8 . 
AK~F2 
3 0 0 CONTINUE 
Nl.= 1 0 
N 2 - 1 1 
N 3 ^ 1 5 
N4"-l 6 
DO 4 0 0 J = 7 * 9 
AK=::F 1 
DO 4 0 : i > N l * N 2 
CALL L O C ( X y J y M ) 
NEU^L2~-<M-~N)#525 
U1 ( NEW ) U1 ( NEW ) -AK# ( 3 •> & ( UI ( L2•{• 1 ) •-U1 < I...2-1) ) •{• U2 (I...3 ) - U 2 ( L1 ) ) / 8 . 
U 2 ( N E W ) ~ U 2 ( N E W ) " - A K * ( U 1 C L 3 ) ~ U 1 ( L I ) RJ2 < L 2 L 1 ) - U 2 ( L 2 - l ) ) / 8 . 
AK==F2 
4 0 CONTINUE 
DO 4 0 0 : i > N 3 , N 4 
CALL L O C ( I y J . , M ) 
NEW~L2- (M~N)JK525 
U1 ( N E W ) U1 (N!::.' W ) f A K $ ( 3 • # ( U1 < L. 2 f 1 ) - U1. ( L 2 - . 1 ) ) -KJ2 ( L 3 ) -LJ2 ( L1 ) ) / 8 . 
U 2 ( N E W ) = U 2 <NEW)LAK&(UI< L 3 ) - U I ( L I ) i U 2 < L2 + 1)™U2 < L 2 - 1 ) ) / 8 . 
AK~:F' 1 
4 0 0 CONTINUE 
.DO 5 0 0 J ~ 1 3 > 1 5 
DO 5 0 ] > N 1 *N2 
CALL L O C ( I P , J ? M ) 
N E W ^ L 2 - - < M - N ) * 5 2 5 
U1 ( NEW ) =-U1 < NI!:!W ) -• AK* < 3 . >K ( U1 <L2 f 1 ) -U :l. ( L 2 - 1 . ) ) •*• U2 < I...3 > --U2 < L. 1 ) ) / 8 . 
U 2 ( N E W ) U 2 ( N E W ) - A K * < U1 < L 3 ) - U1 < L1 > L U 2 ( L 2 L1 ) - U 2 (I... 2 - 1 ) ) / 8 . 
AK " : : F2 
5 0 CONTINUE 
DO 5 0 0 ! l>N3yN4 
CALL L O C d v J y M ) 
NEW^L2-~<M™N)*525 
U2 ( NEW ) ~U2 ( NEW ) i AK*< UI < L 3 ) - U I ( L I ) -HJ2 ( L2 + 1 ) - U 2 ( L 2 - 1 ) ) / S . 
U1 ( NEW ) "=U 1 < NEW ) {-AK# ( 3 * # ( U1 < L2-F1 ) - U 1 ( L.2--1 ) ) +U2 < L 3 ) - U 2 ( L I ) ) / 8 . 
AK' : : : :F 1 
5 0 0 CONTINUE 
M S A 1 ^ M 
M - N 
N MSAU 
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PRINTOUT OF STRESSA ( C o n t i n u e d ) 
C 
C WRITE: GUT RESULTS OF COMPUTATION 
C 
I F ( I T - - ( I T / 2 0 0 ) # 2 0 0 ) 1 0 0 x 5 1 , 1 0 0 
5 1 CONTINUE 
I H = l 
I F ( I H . E G . O ) GO TO 3 0 1 
W R I T E ( 6 y 1 0 5 ) I T 
1 0 5 F 0 R M A T ( / I l ( ) y 3 7 H I T E R A T I O N S C DISPLACEMENTS -1/) 
1 3 = 0 
DO 2 1 1 = 1 * 5 2 5 * 2 5 
I I = 1 1 
1 2 = I I + 2 4 
1 3 = 1 3 + 1 
W R I T E ( 6 y 1 0 1 ) 1 3 
1 0 1 FORMAT ( 1X1511 J = * I 2 * 1 3 H y I = 1 , 2 5 ) 
WRITE: < 6 y 1 0 2 ) ( U1 ( I ) * I = 1 1 ? 12 ) 
1 0 2 F O R M A T ( I X ? 1 3 F 1 0 . 6 ) 
W R I T E ( 6 ? 1 0 2 ) ( U 2 ( I ) y 1 = 1 1 y 1 2 ) 
2 CONTINUE 
3 0 1 CONTINUE 
1 0 0 CONTINUE 
C 
C COMPUTE THE P R I N C I P A L S T R E S S E S 
C 
W R I T E ( 6 y 1 0 4 ) 
1 0 4 F O R M A T ( / / 6 0 H I J PHI MAX SHEAR P R I N C I P A L STRESSES VOL 
CENERGY/) 
C A L L P L 0 T S ( I B U F * 5 1 2 * 9 y 0 0 ) 
DO 1 1 0 I A = 1 * 4 
IM=1 
I F ( I M . E Q . O ) GO TO 3 6 
CALL P L O T ( 5 . 0 ? 3 . 0 * - 3 ) 
CALL R E C T ( 0 . ( ) y 0 . 0 * 6 . 0 y 7 . 2 y 0 . 0 y 2 ) 
CALL P L O T ( 0 . 0 0 v 1 . 6 5 y+ 3 ) 
CALL. P L O T ( 2 . 8 5 y 1 . 6 5 y + 2 ) 
CALL P L O T ( 2 . 8 5 y 2 . 5 5 y + 2 ) 
CALL P L O T ( 4 . 3 5 * 2 . 5 5 y + 2 ) 
CALL P L 0 T ( 4 . 3 5 7 1 . 6 5 y + 2 ) 
CALL P L 0 T C 7 . 2 0 y 1 . 6 5 y + 2 ) 
CALL P L O T ( 7 . 2 0 y 4 . 3 5 y + 2 ) 
CALL P L O T ( 4 . 3 5 y 4 . 3 5 y + 2 ) 
CALL P L O T ( 4 . 3 5 y 3 . 4 5 y + 2 ) 
CALL P L O T ( 2 . 8 5 y 3 . 4 5 y + 2 ) 
CALL P L O T ( 2 . 8 5 * 4 . 3 5 y + 2 ) 
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PRINTOUT OF STRESSA ( C o n t i n u e d ) 
CALL P L G T ( 0 . 0 0 y 4 . 3 5 y + 2 ) 
CALL P L O T ( O . O O ? 1 . 6 5 * *2> 
CALL SYMBOL.. ( - 0 . 9 t 4 . 5 y I , 5 y 1 ? y 0 . 0 y - 1 ) 
CALL S Y M B O L ( 7 . 2 5 y 0 * 0 y 1 . 5 y 1 S y 0 . 0 y - 1 ) 
DO 1 1 I 1 ? 2 S 
X 1 = 0 . 3 # ( I - 1 ) 
X 2 = X 1 ~ 0 . 1 
X 3 - 1 . O f c l 
CALL S Y M B O L ( X I y - 0 . 0 3 5 y 0 , 0 7 , 1 3 y 0 . 0 y - 1 ) 
CALL NUMBER(X2 y - 0 . 2 y0 * 1y X3 y 0 * 0 y - 1 ) 
11 CONTINUE 
DO 1 2 J==2y-21 
Y l = = 0 . 3 * ( J - 1 ) 
Y2 = Y 1 - 0 , 1 
Y3=*l . 0 * J 
CALL S Y M B O L ( - 0 . 0 3 5 , Y l y 0 . 0 7 y 1 3 y 9 0 . 0 y - 1 ) 
CALL NUMBER ( - 0 . 1 y Y2 •, 0 . 1 y Y3 y 9 0 . 0 y - 1 ) 
1 2 CONTINUE 
3 6 CONTINUE 
DO 2 1 J > 2 y 2 4 
DO 2 1 J - 2 y 2 0 
CALL L..OC ( I y J v M ) 
4 1 T ( 1 ) = U1 ( L 2 !• 1 ) • • U1 ( L 2 - 1 ) ) •{• U2 (I...3 ) - U 2 (i... 1 ) 
T ( 2 ) = U 1 ( L2-F1) - U 1 ( L 2 - 1 ) + 3 * * ( U2 ( L 3 ) - U 2 ( L1 ) ) 
T ( 3 ) = = U 2 ( L 2 + 1 ) - U 2 ( L 2 - - l ) + U l ( L 3 ) - - U 1 ( L I ) 
4 2 I F ( I . L T . 1 1 . A N D , J « G T . 6 « A N D . J . L T . 1 6 ) GO TO 5 
I F ( I . L T . 1 6 . A N D . , J . G T . 9 . A N D . J . L T . 1 3 ) GO TO 5 
I F " ( I . G T . 1 5 , A N D . : i : . L T . 2 5 . A N D . J . G T . A . A N D . J . L T . 1 6 ) GO TO 5 
AMU==G2 
GO TO 6 
5 AMU^Gl 
6 CONTINUE 
DO 2 2 K K ~ l y 3 
T ( K K ) " : A M U17 (l< K ) 
2 2 CONTINUE 
A=*(T( 1 ) H ( 2 ) ) / 2 . 
B==SQRT < < ( T ( 1 ) --T ( 2 ) ) / 2 ) tt#2 + T ( 3 ) *T ( 3 ) ) 
T ( 4 ) - = A f B 
T ( 5 ) ^ A - B 
T(6)==B 
I F ( T ( 1 ) . N E . T ( 2 ) ) GO TO 5 3 
P H I ^ 4 5 
GO TO- 5 2 
5 3 C>2« r f \ 3 ) / ( T ( 1 ) - - T ( 2 ) ) 
PHI !=::()* 5:-f.A'T A N ( C ) 
PHI ••••PHI :| -M 1 8 0 / P I 
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PRINTOUT OF STRESSA ( C o n t i n u e d ) 
5 2 V~ ( 2t ( T ( 1 ) #T ( 1 ) i T ( 2 ) #T ( 2 ) ) - T ( .1. ) tJ ( 2 ) ! -5$T ( 3 ) *T ( 3 ) ) / (10#AMU ) 
U«=100#V 
I F ( I H . E O . O ) GO TO 4 4 
W R I T E < 6 y 1 0 3 ) I , J y P H I ? T < 6 ) v T ( 4 ) y T < 5 ) v V 
1 0 3 FORMAT(214 y F 1 0 . 2 y 4 F 1 0 . 4 ) 
GO TO 2 1 
4 4 X = 0 . 3 * ( . ' I > 1 ) 
Y = 0 . 3 * ( J ~ l ) 
X X - - X - 0 . 1 
Y Y = Y - 0 . 1 5 
I F ( I A • E G * 1 ) CALL CPLOT(X yY yXX yYY y T ( 6 ) y P H I ) 
I F ( I A . E G . 2 ) CALL T P L O T ( X y Y y X X y Y Y y T ( 6 ) ) 
I F < IA , E 0 , 3 ) C A L L !" L G T ( X y Y y X X y Y Y y T ( 4 ) ) 
I F ( IA •} EG . 4 ) CALL TPLOT ( X y Y y XX y YY y U ) 
2 1 CONTINUE 
1 1 0 CONTINUE 
CALL P L O T ( 0 * 0 * 9 9 ? ) 
STOP 
END 
SUBROUTINE L O G ( I y J yL) 
COMMON L 1 < 3 ) 
H ::::<) 
J l = J }• 1 
J 3 = J - 1 
DO 10 J J = J 3 y J l * l 
M M + 1 
L K M ) I L 2 5 * ( J J - 1 H < L - 1 ) # 5 2 5 
1 0 . CONTINUE 
RETURN 
END 
S U D R 0 U T I N E S P L 0 T ( X :> Y ? X X * Y Y y T y F' HI ) 
P = - PHI 
CALL S YMB01... ( X •> Y •> 0 . 2 * 4 y P y -• 1 ) 
CALL NUMBER(XX y YY * 0 • 0 7 y T y 0 . 0 y +1 ) 
RETURN 
END 
SUDR0UTI NE TPI...OT ( X ? Y y XX ? YY' y 7') 
CALL SYMBOL< X y Y * 0 • 1 * 3 y 0 • 0 y - 1 ) 




PRINTOUT OF STRESSAPROGRAM 
P R GGRAM M AIN ( IN r' U T y 0 U T P IJ T y P U N C l-l y T AI' li: 5 ~ IN P U T t IA P E 6 = 0 U T P U I y 1 r:i 1-
CRUNCH) 
COMMON L i y L 2 y L 3 
DIMENSION U K 2 5 2 ) y U 2 < 2 5 2 ) y T ( 6 ) » I DUE ( 5 1 2 ) 
NITER ==400 
P I = 3 . 1 4 1 5 9 
N = 2 
M = 1 
D l = 1 . 8 5 2 5 E - 4 
D2= 9 . 2 6 2 5 E - 5 
E l = 9 . 2 6 2 5 E - 6 
E 2 = 4 . 6 3 1 2 E - - 6 
E l = ~ 0 . 2 2 8 8 2 7 9 
F 2 - - - - 2 . 7 0 2 0 0 8 7 
Gl = 4 . 0 3 0 0 E + 4 
G2= 4 . 7 6 1 0 E - F 5 
W R I T E ( 6 y 1 0 6 ) 
1 0 6 F O R M A T ( / / 6 H S T R E S S / ) 
C 
C I N I T I A L INPUT 
C 
DO 1 1 = 1 , 2 1 
AMF"=C 0 S ( ( I •••• 1 ) % P 1 / 2 0 ) ^ 0 . 0 5 
DO 1 L = I y 2 5 2 y 2 1 
U 2 ( L ) = A M P 
1 CONTINUE 
C 
C ITERATE APPROXIMATION NITER TIMES 
C 
DO 1 0 0 I T = I J N I T E R 
C 
C HOMOGENEOUS COMPUTATIONS 
C 
DO 9 0 I = 2 y 2 0 
C 
C COMPUTE INTERIOR P O I N T S 
C 
DO 1 0 J = 2 v 5 
CALL L O C ( I y J y M ) 
NEW = L 2 - - ( M - N ) # 1 2 6 
U1 ( N E W ) = ( 3 . # < U1 ( L 2 -• 1 ) •{- U1 ( L 2 +1 ) ) f U1 ( L 1 ) •{• U1 ( L 3 ) + 0 . 5 * ( U 2 ( L 3 i 1 ) •-
C U 2 ( L 3 •••• 1 ) -• U 2 ( L1 f 1 ) •{• U 2 ( L1 •-1 ) ) ) / 8 . 
0 2 ( NEW ) ••••• ( 3 . t < U2 ( L 3 ) RJ2 ( L1 ) ) HJ2 ( L 2 - 1 ) ?U2 ( L 2 •! 1 ) 1 0 . 5 * ( UI < L3 f 1 ) -
C U1 (!. 3 - 1 ) •• U l (I... i i :! ) ••!• U1 (I... :i. 1 >) ) / 8 . 
1 0 CONTINUE 
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PRINTOUT OF STRESS ( C o n t i n u e d ) 
C 
C COMPUTE THE TOP EDGE 
C 
IA = 1 
I F ( I A . E Q . O ) GO TO 9 0 
CALL L 0 C ( I y 6 y M ) 
N E U = L 2 - ( M ~ N ) * 1 2 6 
UI (NEW)==(8.*(U:I . ( L 2 - 1 H-Ul <L2f 1 ) ) i 6 * # U1 (i... 1 ) f 3 • t ( U 2 (L 2 - 1 ) - U 2 ( L 2 -!• 1 ) ) 
U 2 ( N E W ) = ( 6 . # U 2 ( L 1 ) H J 1 ( L 2 - 1 )--Ul ( L 2 f 1 ) )/<?>. 
C 




UI ( N E W ) = - " ( 8 . * ( U 1 ( L 2 M )-KJl ( L 2 - 1 ) ) \-6 . t UI ( L 3 ) f 3 ( U2 ( L 2 + 1 ) --U2 ( L2---1 ) ) 
C - D 2 * ( U 2 ( L 2 + 1 > ~ - U 2 ( L 2 - l > ) - - E 2 * ( C 0 S ( ( I --2 ) * P I / 2 0 . ) - C O S ( W I / 2 0 . ) ) >/ 
U 2 ( N E W ) ( 6 . * U 2 < L 3 ) + U1 < L 2 -f 1 ) - U1 ( L 2 - 1 ) - E 1 1 C 0 S < P l t d •• -1 ) / 2 0 . ) ) / ( 6 - D1 
9 0 CONTINUE 
C 
C COMPUTE TWO S I D E S 
C 
DO 2 0 J = 2 * 5 
CALL L O C ( l y J y M ) 
N E W = L 2 - ( M - N ) * 1 2 A 
U2 ( NEW ) = = ( 3 . * ( U2 ( L 3 ) HJ2 ( L I ) ) f 2 . *U2 ( L2L :L) -HJ1 (L 3 ••• i. ) - U I ( L 1 L 1 ) ) / 8 * 
CALL L 0 C ( 2 1 y J y M ) 
NEW = L 2 - ( M ~ N ) * 1 2 6 
. CALL L 0 C ( 2 1 y J y H ) 
N E U = L 2 - ( h - N ) * 1 2 6 
U2(NEW) = C 5 . * ( U 2 ( L 3 ) - M J 2 ( L . t ) ) + 2 * JKU2 ( L 2 - 1 ) - U 1 (I . . .3-1) f U1 ( L1 - 1 ) ) / 8 . 
2 0 CONTINUE 
C 
C COMPUTE FOUR CORNERS 
C 
CALL L O C ( i y 1 y M ) 
NEW=L2--(M--N)#.126 • 
U2 ( NEW ) == ( 6 . *U2 ( L3 ) -F2 «• *U 1 ( L..2 + 1 ) - E 1 ) / ( 6 . ~D1 ) 
CALL L 0 C ( i y 6 ? M ) 
N E W = L 2 - ( M - N ) * 1 2 6 
U2(NEW) = ( 6 . * U 2 ( L 1 ) - 2 • * U 1 ( L 2 ! l ) ) / 6 . 
CALL L O C ( 2 1 y 1 y M ) 
NEW~L2--(M--N) * 1 2 6 
U 2 ( N E W ) = : ( 6 . * U 2 ( L 3 ) - 2 . * U 1 ( L 2 - 1 ) -FE1 ) / ( 6 .-Dl ) 
CALL L O C ( 2 1 y 6 ? M ) 
N E W - 4 . . 2 ( M ~ - N ) * 1 2 6 
U 2 ( N E W ) ( 6 • U 2 (!. 1 ) ••} 2 >t U 1 (I... 2 •-• .1 ) ) / 6 * 
67 
PRINTOUT OF STRESS ( C o n t i n u e d ) 
C 
C COMPUTE T.NHOMOGEN IETY FACTOR 
C IN HIGhl-UEL MEDIA AK = F 1 
C IN LOW - V E L MEDIA AK = F 2 
C 
C INTERIOR P O I N T S ( I DIRECTION ) 
C 
DO 7 0 1 = 2 * 2 0 
Ml = 3 + 1 / 1 1 
M2 = 4 + 1 / 1 1 
AK = F 1 
DO 7 0 J=M1*M2 
CALL L O O ( I * J * M ) 
NEW = L2-~(M " N ) * 1 2 6 
Ul (NEW)=U1 (NEW)+AI<*(U1 ( L 3 ) - U 1 ( L I > + U 2 ( L 2 + l ) - U 2 ( L 2 - l ) > / 8 . 
U2 (NEW ) =U2 ( NEW ) + AK* ( U1 ( L2 +1 ) -U1 ( L 2 ~ 1 ) + 3 . # ( U2 ( L 3 ) --U2 ( L 1 ) ) ) / 8 . 
AK = F 2 
7 0 CONTINUE 
C 
C COMPUTE BOTH S I D E S 
c 
AK=F 1 
DO 6 0 J = 3 * 4 
CALL L O C d y J ^ M ) 
N E W = L 2 - ( M - N ) # 1 2 6 
U 2 ( N E W ) = U 2 ( N E W ) + A K * ( 2 . * U 1 ( L 2 + 1 > + 3 . * ( U 2 ( L 3 ) - U 2 ( L 1 ) ) ) / G . 
AK = F 2 
6 0 ' C O N T I N U E 
A1\ = F 1 
DO 4 0 J = 4 * 5 
CALL L O G ( 2 1 * J * M ) 
NEW==L2-(M-N)JK126 
U2 < N E W ) = U 2 ( N E W ) + A K * ( - 2 . # U 1 ( L 2 - 1 ) + 3 . % ( U 2 ( L 3 ) ~ U 2 ( L I ) ) ) / 8 . 
4 0 CONTINUE 
c 
C J DIRECTION 
C 
AK--F2 
DO 5 0 1 = 1 0 * 1 1 
CALL L 0 C ( I * 4 * M ) 
NEW = L 2 - ( M - - N ) ^ : l , 2 6 
U1 ( N E W ) U1 ( N E W ) - A K t ( 3 . * ( U1 ( L 2 + 1 ) - U1 ( L 2 - 1 ) ) + U 2 ( L 3 ) - U 2 ( L1 ) ) / 8 . 
U2 ( NEW ) = U2 ( NE W ) - AK*( U1 ( L3 ) U1 ( L1 ) + U2 < L2 + 1 ) •••• U2 ( L2••-1 ) ) / 8 . 
AK = F 1 
5 0 CONTINUE 
68 
PRINTOUT OF STRESS ( C o n t i n u e d ) 
3 7 MSAU = M 
M = N 
N = MSAV 
C 
C WRITE GUT RESULTS OF COMPUTATION 
C 
I F ( I T - ( I T / 4 0 0 ) # 4 0 0 ) 1 0 0 * 5 1 * 1 0 0 
5 1 CONTINUE 
IH = 0 
I F ( I H . E G . O ) GO TO 3 0 1 
W R I T E ( 6 * 1 0 5 ) I T 
1 0 5 F Q R M A T ( / / I 1 0 * 3 7 H I T E R A T I O N S C DISPLACEMENTS 1/) 
DO 3 0 0 1 1 = 1 * 1 2 6 * 2 1 
1 1 = 1 1 
1 2 = 1 1 + 2 0 
W R I T E < 6 * 1 0 1 ) I I * 1 2 
1 0 1 F O R M A T ( I X * 2 1 1 0 ) 
W R I T E ( 6 * 3 0 2 ) ( U 1 ( I ) * I = 1 1 * 1 2 ) 
1 0 2 F 0 R M A T ( 1 X ? 1 1 F 1 2 . 6 ) 
W R I T E ( 6 ? 1 0 2 ) ( U 2 ( I ) * 1 = 1 1 ? 1 2 ) 
3 0 0 CONTINUE 
3 0 1 CONTINUE 
1 0 0 CONTINUE 
I L = 1 
I F ( I L . E Q . O ) GO TO 9 9 ? 
C COMPUTE THE P R I N C I P A L S T R E S S E S 
C 
W R I T E ( 6 * 1 0 4 ) 
1 0 4 F O R M A T ( / / 7 0 H I J PHI MAX SHEAR P R I N C I P A L STRESSES VC 
CENERGY I J / ) 
IM = 0 
I F ( I M . E G , 0 ) GO TO 3 6 
0 A L L P L 0 T S ( IB U F * 5 1 2 * 9 * 0 0 ) 
CALL P L 0 T < 3 . 0 * 3 . 0 * - 3 > 
CALL R E S T ( 0 . 0 * 0 . 0 * 2 . 0 * 8 . 0 * 0 . 0 * 2 ) 
CALL P L O T ( 0 • 0 * 1 * 0 * + 3 ) 
CALL P L 0 T C 3 . 3 * 1 . 0 * + 2 ) 
CALL P L 0 T ( 3 . 8 * 1 . 4 * + 2 ) 
CALL. P L 0 T ( 8 . 0 * 1 . 4 * + 2 ) 
CALL. SYMBOL. ( 3 . 4 * 2 . 2 * 0 . 1 * 12HFREE SURFACE * 0 . 0 * + 1 2 ) 
CALL S Y M B O L ( 3 . 0 * - 0 . 4 * 0 . 1 * 20HHYDROSTAT IC PRESSURE * 0 . 0 * + 2 0 ) 
CALL SYMBOL. (-••(>. 5 >• 1 . 4 * 0 . 6 * 1 9 * 0 . 0 * -:l ) 
CALL SYMBOL ( S * 0 v 0 . 0 * 0 , 6 * 1 S * 0 . 0 « -• 1 ) 
CALL SYMBOL. ( 2 . 3 2 . 4 5 * 0 . 1 2 5 * 27HMAX . SH E ARI No STRESS (BARS) * 0 . 0 * + 2 
PRINTOUT OF STRESS ( C o n t i n u e d ) 
DO 1 1 1 = 1 r 2 1 
X l = 0 . 4 * ( 1 - 1 ) 
X2 = XI ••-(>• 1 
X 3 = l . 0 * 1 
CALL S Y M B O L ( X I f - 0 . 0 3 5 ? 0 * 0 7 y 1 3 v 0 . 0 y - 1 ) 
CALL NUMBE R ( X2 y - 0 . 2 f 0 . b X 3 f 0 . 0 j - l ) 
1 1 CONTINUE 
DO 1 2 J = l ? 6 
Yl = 0 . 4 # ( J - - 1 ) 
Y 2 = Y l - 0 . 1 
Y 3 = l . 0 # J 
CALL S Y M B O L ( - 0 . 0 3 5 y Y l y 0 . 0 7 y 1 3 v90. 0 y - 1 ) 
CALL NUMBER ( - 0 . 1 v Y2 y 0 . 1 y Y3 r 9 0 . 0 y •••• 1 ) 
1 2 CONTINUE 
3 6 CONTINUE 
DO 2 1 I = 2 y 2 0 
DO 2 1 J = 2 y 6 
CALL L O C ( I y J y M ) 
I F " J ( J . L T . 6 ) GO TO 41 
T ( 1 ) = 8 * ( U K L 2 + 1 ) - U 1 ( L 2 - 1 ) ) / 3 
T ( 2 ) = 0 
T ( 3 ) = 0 
GO TO 4 2 
4 1 T ( 1 ) = 3 . t ( U1 ( L 2 f 1 ) - U1 ( L 2 - 1 ) ) + U2 < L 3 ) --U2 ( L 1 ) 
T ( 2 ) = U K L 2 f 1 ) ~ U 1 ( L 2 - 1 ) + 3 . * < U 2 < L 3 ) ~ U 2 < L 1 ) ) 
T ( 3 ) = U 2 < L 2 L1 ) - U 2 ( L 2 - 1 ) f U1 ( L 3 ) - U1 ( L1 ) 
I F ( I . L T . 1 1 . AND * J . L T . 4 ) GO TO 5 
I F ( 1 ' . G T . 1 0 . A N D . J . L T . 5 ) GO TO 5 
4 2 AMU=G1 
GO TO 6 
5 AMU-G2 
6 CONTINUE 
DO 2 2 K K = K 3 
T ( K K )•-• A M U & T ( K K ) 
2 2 CONTINUE 
A = ( T ( 1 ) L T ( 2 ) ) / 2 , 
B=SQRT ( ( ( T ( 1 ) ••• T ( 2 ) ) / 2 ) # # 2 + T ( 3 ) *T ( 3 ) ) 
T ( 4 ) = A f B 
T ( 5 ) = A ~ - B 
1(6)=B 
1 2 I F ( T ( 1 ) . N E . T ( 2 ) ) GO TO 5 3 
PHI = 4 5 
GO TO 5 2 
5 3 C = 2< r r ( 3 ) / ( T ( 1 ) - - T ( 2 ) ) 
P H I 1 ^ 0 . 5 * A T A N ( C ) 
P H I ^ P H I ;!.;!< 1 .80 /P I 
70 
PRINTOUT OF STRESS ( C o n t i n u e d ) 
5 2 V = ( 2 * ( T ( 1 ) # T ( I ) f T ( 2 ) * T ( 2 ) ) - T ( 1 ) * T ( 2 ) L 5 * T ( 3 ) # T ( 3 ) ) / ( : I . O * A M U ) 
I F ( I M . E Q . O ) GO TO 4 4 
WR I T E ( 6 * :l,03 ) I y J y Pit I y T ( 6 ) y T ( 4 ) y T ( 5 ) y V y I y J 
1 0 3 FORMAT ( 2 1 4 * 1 " 1 0 . 2 * 4 F 1 0 . 4 y 2 1 6 ) 
4 4 I F ( IM . N E . 0 ) C A L L S P E 0 T ( I * J * T ( 6 ) * P HI ) 
2 1 CONTINUE 
CALL P L O T ( 0 * 0 * 9 9 9 ) 
9 9 9 STOP 
END 
SUBROUTINE L O G ( I * J * L ) 
COMMON L I ( 3 ) 
M=0 
,11 = J + 1 
J 3 J - 1 
DO 1 0 J J = J 3 * J 1 * 1 
M = M + 1 
L K M ) = I 1 2 1 # ( J J - - 1 ) + ( L - - 1 ) # 1 2 A 
1 0 CONTINUE 
RET URN 
END 
S U B R 0 U T I N E G P L 0 T ( I * J * T * HI ) 
X = = 0 . 4 * ( I - 1 ) 
Y = ; 0 . 4 # ( J - -1 ) 
P = - P H I 
CALL SYMBOL ( X * Y * 0 . 2 5 ? 4 * p , •••• 1 ) 
X X = X - 0 . 1 3 
YY--Y-0 . 2 2 
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LISTING OF PARAMETERS 
I J P H I MAX SHEAR PRINC IPAL S T R E S S E S VOL ENER 
2 •-> - 4 4 . 9 4 7 . 3 2 8 3 7 . 6 9 0 4 - 6 . 9 6 6 2 . 0 3 5 9 
n 3 - 4 4 . 3 0 7 , 2 7 8 5 7 . 7 9 3 1 - 6 . 7 6 3 9 . 0 3 5 4 
J^. 4 - 4 3 . 4 4 7 . 2 2 2 5 7 . 9 4 7 7 - 6 . 4 9 7 3 . 0 3 5 0 
2 5 - 4 2 . 0 0 7 . 1 2 5 2 8 . 1 1 9 5 - 6 . 1 3 0 8 . 0 3 4 2 
2 6 - 4 0 «• 1 6 7 . 4 8 3 7 9 . 0 5 9 0 - 5 . 9 0 3 4 . 0 3 8 3 
7 - 4 0 . 8 1 1 1 . 6 7 3 1 1 3 . 7 8 6 7 - 9 . 5 6 9 6 . 0 6 4 4 
8 - 4 2 . 5 8 1 1 . 8 8 7 4 1 3 . 1 8 9 1 - 1 0 . 5 8 5 7 . 0 6 5 9 
n ? - 4 3 . 6 6 1 1 . 7 4 9 1 1 2 . 5 6 9 6 - 1 0 . 9 2 8 6 . 0 6 4 1 
1 0 - 4 4 . 4 0 1 1 . 7 1 9 9 1 2 . 1 1 5 7 - 11 . 3 2 4 2 . 0 6 3 6 Ci 1 1 - 4 5 . 0 0 1 1 . 7 1 5 4 1 1 . 7 1 5 4 - 1 1 . 7 1 5 4 . 0 6 3 5 
2 1 2 4 4 . 4 0 1 1 . 7 1 9 9 1 1 . 3 2 4 2 - 1 2 . 1 1 5 7 . 0 6 3 6 
n 1 3 4 3 . 6 6 1 1 . 7 4 9 1 1 0 . 9 2 3 6 - 1 2 . 5 6 9 6 . 0 6 4 1 
2 1 4 4 2 . 5 3 1 1 . 3 8 7 4 1 0 . 5 8 5 7 -• 1 3 . 1 8 9 1 . 0 6 5 9 
'•> 1 5 4 0 . 8 1 1 1 . 6 7 8 1 9 . 5 6 9 6 - 1 3 . 7 8 6 7 . 0 6 4 4 
'•) 
A. 
1 6 4 0 . 1 6 7 . 4 8 3 7 5 . 9 0 8 4 - 9 . 0 5 9 0 . 0 3 8 3 
2 1 7 4 2 . 0 0 7 . 1 2 5 2 6 . 1 3 0 8 - 8 . 1 1 9 5 . 0 3 4 2 
1 8 4 3 . 4 4 7 . 2 2 2 5 6 . 4 9 7 3 - 7 . 9 4 7 7 . 0 3 5 0 
1 9 4 4 . 3 0 7 , 2 7 8 5 6 . 7 6 3 9 - 7 . 7 9 3 1 . 0 3 5 4 
2 0 4 4 . 9 4 7 , 3 2 8 3 6 . 9 6 6 2 - 7 . 6 9 0 4 . 0 3 5 9 
3 n 4 4 . 9 7 7 . 2 9 0 4 7 . 6 2 9 8 - 6 . 9 5 1 1 . 0 3 5 5 
3 3 - 4 4 . 3 2 7 . 2 4 5 4 7 . 6 9 8 5 - 6 . 7 9 2 3 . 0 3 5 1 
3 4 - 4 3 . 3 5 7 . 1 6 0 5 7 . 7 6 1 8 - 6 . 5 5 9 1 . 0 3 4 3 
3 5 - 4 1 . 9 9 6 . 9 8 5 4 7 . 7 7 1 8 - 6 . 1 9 9 1 . 0 3 2 8 
3 6 - 4 0 . 8 4 7 . 3 4 7 0 8 . 3 9 0 0 - 6 . 3 0 4 1 . 0 3 6 4 
3 7 - 4 1 . 2 9 1 1 . 7 0 4 5 1 3 . 1 2 2 9 ™ 1 0 . 2 8 6 2 . 0 6 4 0 
3 8 - 4 2 . 4 5 1 1 . 9 6 8 4 1 2 . 9 5 7 0 - 1 0 . 9 7 9 8 . 0 6 6 6 
3 9 - 4 3 . 4 3 1 1 . 7 2 9 1 1 2 . 3 7 5 0 - 1 1 . 0 8 3 1 . 0 6 3 8 
3 1 0 - 4 4 . 2 6 1 1 . 6 4 9 5 1 1 . 9 6 9 9 - 1 1 . 3 2 9 2 . 0 6 2 9 
3 1 1 - 4 5 . 0 0 1 1 . 6 3 2 3 1 1 . 6 3 2 3 - 1 1 . 6 3 2 3 . 0 6 2 6 
3 1 2 4 4 . 2 6 1 1 . 6 4 9 5 1 1 . 3 2 9 2 - 1 1 . 9 6 9 9 . 0 6 2 9 
3 1 3 4 3 . 4 3 1 1 . 7 2 9 1 1 1 . 0 8 3 1 • - 1 2 . 3 7 5 0 . 0 6 3 8 
3 14 4 2 . 4 5 1 1 . 9 6 8 4 1 0 . 9 7 9 8 - 1 2 . 9 5 7 0 . 0 6 6 6 
3 1 5 4 1 . 2 9 1 1 . 7 0 4 5 1 0 . 2 8 6 2 - 1 3 . 1 2 2 9 . 0 6 4 0 
3 16 4 0 . 8 4 7 . 3 4 7 0 6 . 3 0 4 1 - 8 . 3 9 0 0 . 0 3 6 4 
3 1 7 4 1 . 9 9 6 . 9 3 5 4 6 . 1 9 9 1 - • 7 . 7 7 1 8 . 0 3 2 8 
3 1 8 4 3 . 3 5 7 . 1 6 0 5 6 . 5 5 9 1 - 7 . 7 6 1 8 . 0 3 4 3 
3 1 9 4 4 . 3 2 7 . 2 4 5 4 6 . 7 9 2 3 - 7 . 6 9 8 5 . 0 3 5 1 
3 2 0 - 4 4 . 9 7 7 . 2 9 0 4 6 . 9 5 1 1 - 7 . 6 2 9 8 . 0 3 5 5 
4 - 4 4 . 9 3 7 . 2 2 0 8 7 . 4 9 6 3 - 6 . 9 4 4 7 . 0 3 4 8 
4 3 • • -44 .24 7 . 1 6 1 5 7 . 5 2 2 6 - 6 . 8 0 0 4 . 0 3 4 2 
4 4 - 4 3 . 3 6 7 , 0 4 5 7 7 . 5 1 1 4 - 6 v 5 7 9 9 . 0 3 3 2 
4 »J - 4 2 . 2 9 6 . 8 3 0 5 7 . 4 1 5 0 - 6 . 2 4 6 1 . 0 3 1 2 
4 - 4 1 . 6 0 7 . 2 3 5 1 7 . 9 2 9 9 •-6 . 5 4 0 2 . 0 3 5 1 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
4 / - 4 1 . 9 2 1 1 . 7 4 3 4 1 2 . 6 9 0 1 - 1 0 . 7 9 6 6 . 0 6 4 1 
4 8 - 4 2 . 6 2 1 2 . 0 9 5 9 1 2 . 8 : 1 0 0 •-11 . 3 8 1 3 . 0 6 7 9 
4 9 - 4 3 . 3 7 1 1 . 8 1 8 7 1 2 . 3 0 7 4 - 1 1 . 3 3 0 1 . 0 6 4 7 
/\ 1 0 - 4 4 . 1 3 1 1 . 7 0 5 7 1 1 . 9 5 4 8 - 1 1 . 4 5 6 5 . 0 6 3 5 
A 1 1 - 4 5 . 0 0 1 1 . 6 7 7 6 1 1 . 6 7 7 6 - 1 1 . 6 7 7 6 . 0 6 3 1 
A 1 2 4 4 . 1 8 1 1 . 7 0 5 7 1 1 . 4 5 6 5 - 1 1 . 9 5 4 3 . 0 6 3 5 
A 1 3 4 3 . 3 7 1 1 . 8 1 8 7 1 1 . 3 3 0 1 - 1 2 . 3 0 7 4 . 0 6 4 7 
A 1 4 4 2 . 6 2 1 2 . 0 9 5 9 1 1 . 3 8 1 8 - 1 2 . 8 1 0 0 . 0 6 7 9 
A 1 5 4 1 . 9 2 1 1 . 7 4 3 4 1 0 . 7 9 6 6 - 1 2 . 6 9 0 1 . 0 6 4 1 
A 16 4 1 . 6 0 7 . 2 3 5 1 6 . 5 4 0 2 - 7 . 9 2 9 9 . 0 3 5 1 
A 1 7 4 2 . 2 9 6 . 8 3 0 5 6 . 2 4 6 1 - 7 . 4 1 5 0 . 0 3 1 2 
A 1 8 4 3 . 3 6 7 . 0 4 5 7 6 . 5 7 9 9 - 7 . 5 1 1 4 . 0 3 3 2 
A 1 9 4 4 . 2 4 7 . 1 6 1 5 6 . 8 0 0 4 - 7 . 5 2 2 6 . 0 3 4 2 
A 2 0 4 4 . 9 3 7 . 2 2 0 3 6 . 9 4 4 7 - 7 . 4 9 6 8 . 0 3 4 8 
5 2 - 4 4 . 7 7 7 . 1 4 2 4 7 . 3 3 2 7 - 6 . 9 5 2 0 . 0 3 4 0 
5 3 - 4 4 . 1 6 7 . 0 6 9 2 7 . 3 2 4 4 - 6 . 3 1 4 0 . 0 3 3 3 
5 4 - 4 3 . 4 6 6 . 9 3 6 2 7 . 2 6 4 0 - 6 . 6 0 3 4 . 0 3 2 1 
5 5 - 4 2 . 7 0 6 . 7 1 2 2 7 . 1 1 3 9 - 6 . 3 1 0 6 . 0 3 0 1 
5 6 - 4 2 . 3 0 7 . 1 5 8 0 7 . 6 0 4 1 - 6 . 7 1 1 3 . 0 3 4 2 
5 7 - 4 2 . 5 1 1 1 . 7 6 5 3 1 2 . 3 6 9 1 - 1 1 . 1 6 1 4 . 0 6 4 2 
5 8 - 4 2 . 9 0 1 2 . 2 0 7 9 1 2 . 6 9 4 9 - 1 1 . 7 2 0 9 . 0 6 9 1 
5 9 - 4 3 . 4 2 1 1 . 9 5 4 7 1 2 . 3 1 3 4 - 1 1 . 5 9 6 0 . 0 6 6 2 
5 10 - 4 4 . 1 5 1 1 . 8 5 0 9 1 2 . 0 4 2 8 - 1 1 . 6 5 9 0 . 0 6 5 0 
5 1 1 - 4 5 . 0 0 1 1 . 8 2 6 2 1 1 . 8 2 6 2 - 1 1 . 8 2 6 2 . 0 6 4 7 
5 1 2 4 4 . 1 5 1 1 . 8 5 0 9 1 1 . 6 5 9 0 - 1 2 . 0 4 2 8 . 0 6 5 0 
5 1 3 4 3 . 4 2 1 1 . 9 5 4 7 1 1 . 5 9 6 0 - 1 2 . 3 1 3 4 . 0 6 6 2 
5 14 4 2 . 9 0 1 2 . 2 0 7 9 1 1 . 7 2 0 9 - 1 2 . 6 9 4 9 . 0 6 9 1 
5 1 5 4 2 . 5 1 1 1 . 7 6 5 3 1 1 . 1 6 1 4 - 1 2 . 3 6 9 1 . 0 6 4 2 
5 1 6 4 2 . 3 0 7 . 1 5 8 0 6 . 7 1 1 8 - 7 . 6 0 4 1 . 0 3 4 2 
5 1 7 4 2 . 7 0 6 . 7 1 2 2 6 . 3 1 0 6 - 7 . 1 1 3 9 . 0 3 0 1 
5 1 8 4 3 . 4 6 6 . 9 3 6 2 6 . 6 0 8 4 - 7 . 2 6 4 0 . 0 3 2 1 I"->J 1 9 4 4 * 16 7 . 0 6 9 2 6 . 8 1 4 0 - 7 . 3 2 4 4 . 0 3 3 3 
,J 2 0 4 4 . 7 7 7 . 1 4 2 4 6 . 9 5 2 0 - 7 . 3 3 2 7 . 0 3 4 0 
6 - 4 4 . 6 0 7 . 0 6 7 1 /•: 1 6 2 4 - 6 9 7 1 8 . 0 3 3 3 
6 3 - 4 4 . 1 0 6 . 9 9 0 2 7 . 1 3 5 5 - 6 . 8 4 4 9 . 0 3 2 6 
6 4 - 4 3 . 5 9 6 . 8 5 5 9 7 . 0 4 9 6 - 6 . 6 6 2 2 . 0 3 1 4 
6 5 - 4 3 . 1 2 6 . 6 3 9 1 6 . 8 7 5 7 - 6 . 4 0 2 5 . 0 2 9 4 
6 6 - 4 2 . 9 2 7 . 1 1 3 0 7 . 3 6 0 7 - 6 . 8 6 5 2 . 0 3 3 8 
6 7 - 4 3 . 0 3 1 1 . 7 7 5 4 1 2 . 1 0 7 7 - 1 1 . 4 4 3 1 . 0 6 4 2 
6 o - 4 3 . 1 7 1 2 . 2 9 4 1 1 2 . 5 9 7 7 - 1 1 . 9 9 0 4 . 0 7 0 0 
6 9 - 4 3 . 4 7 1 2 . 1 0 6 8 1 2 . 3 7 1 4 - 1 1 . 8 4 2 3 . 0 6 7 9 
6 1 0 - 4 4 . 12 1 2 . 0 5 7 9 1 2 . 2 1 4 3 -:! 1 . 9 0 1 5 . 0 6 7 3 
6 11 4 5 . 0 0 1 2 . 0 5 4 7 1 2 . 0 5 4 7 - 1 2 . 0 5 4 7 . 0 6 7 3 
6 12 - 4 4 . 1 2 1 2 . 0 5 7 ? 1.1 . 9 0 1 5 - 1 2 , 2 1 4 3 . 0 6 7 3 
6 1 3 4 3 . 4 7 :l 2 , 1 0 6 8 1 1 . 8 4 2 3 • - 1 2 . 3 7 1 4 . 0 6 7 9 
i 14 4 3 . 1 7 1 2 . 2 9 4 1 1 1 . 9 9 0 4 - 1 2 3 9 7 7 . 07OO 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
6 1 5 4 3 * 0 3 11. 7 7 5 4 1 1 . 4 4 3 1 - 1 2 . 1 0 7 7 . 0 6 4 2 
6 16 4 2 . 9 2 7 . 1 1 3 0 6 . 3 6 5 2 - 7 . 3 6 0 7 . 0 3 3 3 
6 1 7 4 3 . 1 2 6 . 6 3 9 1 6 . 4 0 2 3 - 6 . 8 7 5 7 . 0 2 9 4 
6 1 8 4 3 . 5 9 6 . 8 5 5 9 6 . 6 6 2 2 - 7 . 0 4 9 6 . 0 3 1 4 
6 1 ? 4 4 . 1 0 6 . 9 9 0 2 6 . 8 4 4 ? - 7 . 1 3 5 5 . 0 3 2 6 
6 2 0 4 4 . 6 0 7 , 0 6 7 1 6 . 9 7 1 8 - 7 . 1 6 2 4 . 0 3 3 3 
7 - 4 4 . 4 3 6 . 9 9 8 8 6 . 9 9 9 1 - 6 . 9 9 8 5 . 0 3 2 7 
7 3 - 4 4 . 0 2 6 . 9 3 0 5 6 . 9 6 8 5 - 6 . 8 9 2 5 . 0 3 2 0 
7 / 4 - 4 3 . 7 0 6 . 8 1 0 2 6 . 3 7 6 1 - 6 . 7 4 4 3 . 0 3 0 9 
7 5 - 4 3 . 5 0 6 . 6 1 1 2 6 . 6 9 4 4 - 6 . 5 2 8 0 . 0 2 9 1 
7 6 - 4 3 . 4 9 7 . 0 9 8 9 7 . 1 6 5 3 - 7 . 0 3 2 4 . 0 3 3 6 
7 7 - 4 3 . 4 8 1 1 . 7 7 9 0 1 1 . 8 6 8 7 - 1 1 . 6 8 9 3 . 0 6 4 2 
7 8 - 4 3 . 3 6 1 2 . 3 5 2 3 1 2 . 5 0 3 7 - 1 2 . 1 9 5 8 . 0 7 0 6 
••? 9 - 4 3 . 4 3 1 2 . 2 6 4 3 1 2 . 4 8 3 9 - 1 2 . 0 4 4 7 . 0 6 9 6 
7 1 0 - 4 4 . 0 3 1 2 . 3 1 6 4 1 2 . 4 7 0 8 1 2 . 1 6 1 9 . 0 7 0 2 
7 1 1 4 5 . 0 0 1 2 . 3 5 4 1 1 2 . 3 5 4 1 - 1 2 . 3 5 4 1 . 0 7 0 7 
—> 
/ 
1 2 4 4 . 0 3 1 2 . 3 1 6 4 1 2 . 1 6 1 9 - 1 2 . 4 7 0 8 . 0 7 0 2 
7 1 3 4 3 . 4 3 1 2 , 2 6 4 3 1 2 . 0 4 4 7 - 1 2 . 4 8 3 9 . 0 6 9 6 
7 14 4 3 . 3 6 1 2 . 3 5 2 3 1 2 . 1 9 5 8 - 1 2 . 5 0 8 7 . 0 7 0 6 
7 1 5 4 3 . 4 3 1 1 . 7 7 9 0 1 1 . 6 8 9 3 - 1 1 . 8 6 8 7 . 0 6 4 2 
7 16 4 3 . 4 9 7 . 0 9 3 ? 7 . 0 3 2 4 - 7 . 1 6 5 3 . 0 3 3 6 
7 1 7 4 3 . 5 0 6 . 6 1 1 2 6 . 5 2 3 0 - 6 . 6 9 4 4 . 0 2 9 1 
7 1 8 4 3 . 7 0 6 . 3 1 0 2 6 . 7 4 4 3 - 6 . 8 7 6 1 . 0 3 0 9 
7 1 9 4 4 . 0 2 6 . 9 3 0 5 6 . 8 9 2 5 - 6 . 9 6 8 5 . 0 3 2 0 
7 2 0 4 4 . 4 3 6 . 9 9 8 8 6 . 9 9 8 5 - 6 . 9 9 9 1 . 0 3 2 7 
- 4 4 . 2 4 6 . 9 3 4 1 6 . 8 4 7 5 - 7 . 0 2 0 3 . 0 3 2 1 
CC
 
3 - 4 3 . 8 9 6 . 8 8 4 8 6 . 8 2 3 6 ••••6.9459 . 0 3 1 6 
8 4 - 4 3 . 7 2 6 . 7 9 2 7 6 . 7 3 8 5 - 6 . 8 4 7 0 . 0 3 0 8 
8 5 - 4 3 . 7 7 6 . 6 2 5 9 6 . 5 6 0 3 - 6 . 6 9 1 5 . 0 2 9 3 
8 6 - 4 3 . 9 9 7 . 1 1 8 3 6 . 9 8 9 4 - 7 . 2 4 7 2 . 0 3 3 8 
8 7 - 4 3 . 8 3 1 1 . 7 8 8 0 1 1 . 6 2 1 3 - 1 1 . 9 5 4 2 . 0 6 4 3 
3 8 - 4 3 . 4 5 1 2 . 3 9 0 3 1 2 . 4 2 9 7 - 1 2 . 3 5 0 9 . 0 7 1 1 
8 9 - 4 3 . 2 4 12v 4 3 0 9 1 2 . 6 3 2 0 - 1 2 , 1 7 9 7 . 0 7 1 6 
8 10 - 4 3 . 3 5 1 2 . 6 2 2 7 1 2 . 3 3 0 8 - 1 2 . 4 1 4 6 . 0 7 3 8 
8 1 1 - 4 5 . 0 0 1 2 . 7 1 6 6 1 2 . 7 1 6 6 - 1 2 . 7 1 6 6 . 0 7 4 9 
1 2 4 3 . 8 5 1 2 . 6 2 2 7 1 2 . 4 1 4 6 - 1 2 . 8 3 0 8 . 0 7 3 8 
8 1 3 4 3 . 2 4 1 2 . 4 3 0 9 1 2 . 1 7 9 7 - 1 2 . 6 8 2 0 . 0 7 1 6 
CO
 
1 4 4 3 . 4 5 1 2 . 3 9 0 3 1 2 . 3 5 0 9 - 1 2 . 4 2 9 7 . 0 7 1 1 
CO
 
1 5 4 3 . 8 8 1 1 . 7 8 8 0 1 1 . 9 5 4 2 - 1 1 , 6 2 1 8 . 0 6 4 3 
8 1 6 4 3 . 9 9 7 . 1 1 3 3 7 . 2 4 7 2 - 6 . 9 8 9 4 . 0 3 3 8 
8 1 7 4 3 . 7 7 6 . 6 2 5 9 6 . 6 9 1 5 - 6 . 5 6 0 3 . 0 2 9 3 
8 1 8 4 3 . 7 2 6 . 7 9 2 7 6 . 8 4 7 0 - 6 . 7 3 8 5 . 0 3 0 8 
CO
 
1 9 4 3 . 8 9 6 . 8 8 4 8 6 . 9 4 5 9 - 6 . 8 2 3 6 . 0 3 1 6 
3 2 0 4 4 . 2 4 6 . 9 3 4 1 7 . 0 2 0 8 • - 6 . 8 4 7 5 . 0 3 2 1 
o r> • - 4 4 . 0 5 6 . 8 6 4 2 6 . 7 0 3 0 - 7 . 0 2 0 4 . 0 3 1 4 
? 3 - 4 3 . 7 1 6 . 8 3 6 1 6 . 6 9 0 3 - 6 . 9 8 1 9 . 0 3 1 2 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
9 4 - 4 3 . 6 1 6 . 7 8 0 7 6 . 6 1 5 6 - 6 . 9 4 5 9 . 0 3 0 7 
9 5 - 4 3 . 8 3 6 . 6 6 7 4 6 . 4 5 1 3 - 6 . 8 3 3 5 . 0 2 9 7 
9 6 - 4 4 . 3 3 7 . 1 6 7 0 6 . 7 8 8 4 - 7 . 5 4 5 6 . 0 3 4 3 
9 7 - 4 4 . 1 7 1 1 . 8 6 3 5 1 1 . 3 7 2 4 - 1 2 . 3 5 4 6 . 0 6 5 2 
9 8 - 4 3 . 4 6 1 2 . 4 6 9 0 1 2 . 4 1 8 ? - 1 2 . 5 1 9 1 . 0 7 2 0 
9 9 - 4 3 . 0 2 ' 1 2 . 6 5 0 9 1 3 . 0 6 6 0 - 1 2 . 2 3 5 8 . 0 7 4 1 
9 1 0 - 4 3 . 6 9 1 2 . 9 3 4 9 1 3 . 2 9 0 1 - 1 2 . 5 7 9 8 . 0 7 7 5 
9 1 1 4 5 . 0 0 1 3 . 0 8 4 4 1 3 . 0 8 4 4 - 1 3 . 0 8 4 4 . 0 7 9 3 
9 1 2 4 3 . 6 9 1 2 . 9 3 4 9 1 2 . 5 7 9 8 - 1 3 . 2 9 0 1 . 0 7 7 5 
9 1 3 4 3 . 0 2 1 2 . 6 5 0 9 1 2 . 2 3 5 3 - 1 3 . 0 6 6 0 . 0 7 4 1 
9 14 4 3 . 4 6 1 2 . 4 6 9 0 1 2 . 5 1 9 1 - 1 2 . 4 1 8 9 . 0 7 2 0 
9 1 5 4 4 . 1 7 1 1 . 8 6 3 5 1 2 . 3 5 4 6 - 1 1 . 3 7 2 4 . 0 6 5 2 
9 1 6 4 4 . 3 3 7 . 1 6 7 0 7 . 5 4 5 6 - 6 . 7 8 8 4 . 0 3 4 3 
9 1 7 4 3 . 3 3 6 . 6 6 7 4 6 . 8 8 3 3 - 6 . 4 5 1 3 . 0 2 9 7 
9 I B 4 3 . 6 1 6 . 7 8 0 7 6 . 9 4 5 9 •-6 . 6 1 5 6 . 0 3 0 7 
9 19 4 3 . 7 1 6 . 8 3 6 1 6 . 9 8 1 9 - 6 . 6 9 0 3 . 0 3 1 2 
9 2 0 4 4 . 0 5 6 . 3 6 4 2 7 . 0 2 0 4 - 6 . 7 0 8 0 . 0 3 1 4 
1 0 2 - 4 3 . 9 5 6 . 7 7 8 8 6 . 5 8 3 4 - 6 . 9 7 4 1 . 0 3 0 6 
1 0 3 - 4 3 . 5 8 6 . 7 5 6 9 6 . 3 5 0 3 - 6 . 9 6 3 5 . 0 3 0 5 
1 0 4 - 4 3 . 4 0 6 . 7 1 8 9 6 . 4 4 9 9 - 6 . 9 8 7 9 . 0 3 0 1 
1 0 5 - 4 3 . 5 9 6 . 6 4 7 2 6 . 2 4 9 2 - 7 . 0 4 5 3 . 0 2 9 5 
10 6 • - 4 4 . 2 5 7 . 0 9 6 4 6 . 1 9 6 9 - 7 . 9 9 3 9 . 0 3 3 9 
1 0 7 - 4 4 . 0 7 1 1 . 5 0 8 6 1 0 . 3 4 9 5 - 1 2 . 6 6 7 6 . 0 6 1 7 
10 S - 4 3 . 4 4 1 1 . 9 6 4 2 1 1 . 3 1 5 3 - 1 2 . 1 1 3 0 . 0 6 6 3 
1 0 9 - 4 3 . 0 6 1 2 . 3 3 7 5 1 3 . 3 1 4 7 - 1 1 . 3 6 0 2 . 0 7 0 7 
10 10 - 4 3 . 8 2 1 2 . 8 9 6 3 1 3 . 7 9 5 3 - 1 1 . 9 9 7 9 . 0 7 7 2 
1 0 11 4 5 . 0 0 1 3 . 1 4 7 3 1 3 . 1 4 7 3 - 1 3 . 1 4 7 3 . 0 8 0 0 
1 0 1 2 4 3 . 3 2 1 2 . 8 9 6 8 1 1 . 9 9 7 9 - 1 3 . 7 9 3 8 . 0 7 7 2 
1 0 1 3 4 3 . 0 6 1 2 . 3 3 7 5 1 1 . 3 6 0 2 - 1 3 . 3 1 4 7 . 0 7 0 7 
1 0 14 4 3 . 4 4 1 1 . 9 6 4 2 1 2 . 1 1 3 0 - 1 1 . 8 1 5 3 . 0 6 6 3 
1 0 1 5 4 4 . 0 7 1 1 . 5 0 3 6 1 2 . 6 6 7 6 •••• 1 0 . 3 4 9 5 . 0 6 1 7 
10 1 6 4 4 . 2 5 7 . 0 9 6 4 7 . 9 9 5 9 - 6 . 1 9 6 9 . 0 3 3 9 
1 0 1 7 4 3 . 5 9 6 . 6 4 7 2 7 . 0 4 5 3 - 6 . 2 4 9 2 . 0 2 9 5 
1 0 1 8 4 3 . 4 0 6 . 7 1 8 9 6 . 9 8 7 9 - 6 . 4 4 9 9 . 0 3 0 1 
1 0 1 9 4 3 . 5 8 6 . 7 5 6 ? 6 . 9 6 3 3 - 6 . 5 5 0 3 . 0 3 0 5 
1 0 2 0 4 3 . 9 5 6 . 7 7 8 8 6 . 9 7 4 1 - 6 . 5 8 3 4 . 0 3 0 6 
1 1 •-> - 4 4 . 0 7 6 . 6 8 4 1 6 . 5 0 4 9 - 6 . 8 6 3 3 . 0 2 9 8 
1 1 3 - 4 3 . 7 2 6 . 6 4 5 8 6 . 4 4 5 1 - 6 . 8 4 6 5 . 0 2 9 5 
11 4 - 4 3 . 5 0 6 . 5 9 0 4 6 . 3 1 1 8 •-6 . 3 6 9 0 . 0 2 9 0 
1 1 5 - 4 3 . 5 8 6 . 5 5 9 5 6 . 1 1 7 5 - 7 . 0 0 1 6 . 0 2 3 3 
1 1 6 - 4 4 . 1 3 6 . 8 1 8 2 5 . 8 5 7 7 - 7 . 7 7 8 7 . 0 3 1 4 
1 1 7 - 4 4 . 0 3 7 . 1 8 2 1 6 . 3 8 4 6 - 7 . 9 7 9 6 . 0 3 4 6 
1 1 8 - 4 3 . 6 6 7 . 2 7 0 5 7 . 1 6 1 0 - 7 . 3 8 0 0 . 0 3 5 2 
1 1 9 - 4 3 . 5 3 7,7276 8 . 3 7 4 6 - 7 . 0 3 0 6 . 0 4 0 0 
1 1 10 - 4 4 . 1 9 1 2 . 4 4 1 2 1 3 . 3 8 9 3 - 1 1 . 4 9 3 1 . 0 7 1 9 
1 1 1 1 4 5 . 0 0 12 , 9 4 3 9 1 2 . 9 4 3 ? - • 1 2 . 9 4 3 9 . 0 7 7 6 
11 1 2 4 4 . 1 9 12 . 4 4 1 2 1 1 , 4 9 3 1 • 1 3 . 3 8 9 3 . 0 7 1 9 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
11 1 3 4 3 . 5 3 7 . 7 2 7 6 7 . 0 8 0 6 - 8 . 3 7 4 6 . 0 4 0 0 
11 14 4 3 . 6 6 7 . 2 7 0 3 7 . 3 8 0 0 - 7 . 1 6 1 0 . 0 3 5 2 
1 1 1 5 4 4 . 0 3 7 . 1 8 2 1 7 . 9 7 9 6 - 6 . 3 8 4 6 . 0 3 4 6 
11 1 6 4 4 . 1 3 6 . 3 1 3 2 7,7787 - 5 . 8 5 7 7 . 0 3 1 4 
1 1 1 7 4 3 . 5 8 6 . 5 5 9 5 7 . 0 0 1 6 - 6 . 1 1 7 5 . 0 2 3 3 
1 1 1 8 4 3 . 5 0 6 . 5 9 0 4 6 . 8 6 9 0 - 6 . 3 1 1 8 . 0 2 9 0 
1 1 1 9 4 3 . 7 2 6 . 6 4 5 8 6 . 8 4 6 5 - 6 . 4 4 5 1 . 0 2 9 5 
1 1 2 0 4 4 . 0 7 6 . 6 3 4 1 6 . 8 6 3 3 - 6 . 5 0 4 9 . 0 2 9 3 
12 2 - 4 4 . 4 7 6 . 6 1 2 1 6 . 5 1 0 4 - 6 . 7 1 3 8 . 0 2 9 2 
1 2 3 - 4 4 . 2 3 6 . 5 5 8 0 6 . 4 4 8 3 - 6 . 6 6 7 8 . 0 2 8 7 
1 2 4 - 4 4 . 1 9 6 . 4 3 4 8 6 . 3 4 4 6 - 6 . 6 2 3 1 . 0 2 8 0 
1 2 5 - 4 4 . 3 2 6 . 4 4 9 5 6 . 2 5 2 2 - 6 . 6 4 6 7 . 0 2 7 7 
1 2 6 - 4 4 . 7 1 6 . 5 9 5 7 6 . 2 6 6 5 - 6 . 9 2 4 9 . 0 2 9 0 
1 2 7 - 4 4 . 6 4 6,7707 6 . 5 1 9 1 - 7 . 0 2 2 2 . 0 3 0 6 
1 2 8 - 4 4 . 3 1 6 . 7 9 5 1 6 . 7 4 0 9 - 6 . 8 4 9 4 . 0 3 0 8 
1 2 9 - 4 4 . 1 2 7 . 3 1 4 4 7 . 4 5 6 2 •-7:1726 . 0 3 5 7 
1 2 1 0 - 4 4 . 4 0 1 2 . 1 0 0 5 1 2 . 3 4 3 0 - 1 1 . 8 5 3 1 . 0 6 7 8 
1 2 1 1 4 5 . 0 0 1 2 . 7 3 0 7 1 2 . 7 3 0 7 - 1 2 . 7 3 0 7 . 0 7 5 0 
1 2 12 4 4 . 4 0 1 2 . 1 0 0 5 1 1 . 8 5 3 1 - 1 2 . 3 4 3 0 . 0 6 7 3 
1 2 1 3 4 4 . 1 2 7 . 3 1 4 4 7 . 1 7 2 6 - 7 . 4 5 6 2 . 0 3 5 7 
1 2 1 4 4 4 . 3 1 6 . 7 9 5 1 6 . 8 4 9 4 - 6 . 7 4 0 9 . 0 3 0 8 
1 2 1 5 4 4 . 6 4 6 . 7 7 0 7 7 . 0 2 2 2 - 6 . 5 1 9 1 . 0 3 0 6 
1 2 1 6 4 4 . 7 1 6 , 5 9 5 7 6 . 9 2 4 9 - 6 . 2 6 6 5 . 0 2 9 0 
12 1 7 4 4 . 3 2 6 . 4 4 9 5 6 . 6 4 6 7 - 6 . 2 5 2 2 . 0 2 7 7 
1 2 1 8 4 4 . 1 9 6 v 4 8 4 8 6 . 6 2 5 1 - 6 . 3 4 4 6 . 0 2 8 0 
1 2 1 9 4 4 , 2 3 6 , 5 5 8 0 6 . 6 6 7 8 - 6 . 4 4 8 3 . 0 2 8 7 
1 2 2 0 4 4 . 4 7 6 . 6 1 2 1 "? 1 "/ o 
K.J * .' .1. 
- 6 . 5 1 0 4 . 0 2 9 2 
1 3 -> - 4 5 . 0 0 6 . 5 3 7 2 6 . 5 8 7 2 ... t. i": a -/ •> . 0 2 3 9 
1 3 3 - 4 5 . 0 0 6 . 5 3 0 6 6 . 5 3 0 6 - 6 . 5 3 0 6 . 0 2 8 4 
1 3 4 - 4 5 . 0 0 6 . 4 6 0 0 6 . 4 6 0 0 - 6 . 4 6 0 0 . 0 2 7 8 
1 3 5 - 4 5 . 0 0 6 . 4 4 3 6 6 . 4 4 3 6 - 6 . 4 4 3 6 . 0 2 7 7 
1 3 6 4 5 . 0 0 6 . 5 9 7 5 6 . 5 9 7 5 - 6 . 5 9 7 5 . 0 2 9 0 
1 3 ~7 / 4 5 . 0 0 6 . 8 1 7 5 6 . 8 1 7 5 - 6 . 8 1 7 5 . 0 3 1 0 
1 3 8 4 5 . 0 0 6 . 8 4 3 7 6 . 3 4 3 7 .... / O A~/.~> . 0 3 1 2 
1 3 9 4 5 . 0 0 7 . 3 7 6 7 7 . 3 7 6 7 - 7 . 3 7 6 7 . 0 3 6 3 
1 3 1 0 4 5 . 0 0 1 2 . 1 2 9 2 1 2 . 1 2 9 2 - 1 2 . 1 2 9 2 . 0 6 3 1 
1 3 11 4 5 . 0 0 1 2 . 7 6 6 1 1 2 . 7 6 6 1 - 1 2 . 7 6 6 1 . 0 7 5 5 
1 3 1 2 4 5 . 0 0 1 2 . 1 2 9 2 1 2 . 1 2 9 2 - 1 2 . 1 2 9 2 . 0 6 8 1 
1 3 1 3 4 5 . 0 0 7.Z767 -7 "X .<. •>• 
/ . :.l .' '..> / 
*•" ? . ? 6 '/ . 0 3 6 3 
1 3 1 4 4 5 . 0 0 6 . 8 4 3 7 6 . 8 4 3 7 - 6 . 8 4 3 7 . 0 3 1 2 
1 3 1 5 4 5 . 0 0 6 . 8 1 7 3 6 . 3 1 7 5 • • 6 . 8 1 7 5 . 0 3 1 0 
1 3 1 6 4 5 . 0 0 6 . 5 9 7 5 6 . 3 9 / 5 - 6 . 5 9 7 5 . 0 2 9 0 
1 3 1 7 4 5 . 0 0 6 . 4 4 3 6 6 . 4 4 3 6 - 6 . 4 4 3 6 . 0 2 7 7 
1 3 1 8 4 5 . 0 0 6 . 4 6 0 0 6 . 4 6 0 0 - 6 . 4 6 0 0 . 0 2 7 8 
1 3 1 9 4 5 . 0 0 6 . 5 3 0 6 6 . 5 3 0 6 - 6 . 5 3 0 6 . 0 2 8 4 
.1.3 2 0 4 5 . 0 0 6 . 5 8 7 2 6 . 5 8 7 2 • • 6 . 5 8 7 2 . 0 2 3 9 
14 4 4 . 4 7 6 . 1 2 1 6 . 7 1 3 8 • 6 , 5 1 0 4 . 0 2 v 2 
78 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
14 3 4 4 . 2 8 6 . 5 3 8 0 x. .<: /., •-} o 
K.) * I..1 / <-! 
- 6 . 4 4 8 3 . 0 2 3 7 
1 4 4 4 4 . 1 ? 6 . 4 3 4 8 6 . 6 2 5 1 - 6 . 3 4 4 6 . 0 2 8 0 
14 5 4 4 . 3 2 6 . 4 4 9 5 6 . 6 4 6 7 - 6 . 2 5 2 2 . 0 2 7 7 
14 6 4 4 . 7 1 6 . 5 9 5 7 6 . 9 2 4 9 - 6 . 2 6 6 5 . 0 2 9 0 
14 7 4 4 . 6 4 6 . 7 7 0 7 7 . 0 2 2 2 - 6 . 5 1 9 1 . 0 3 0 6 
14 C) 4 4 . 3 1 6 . 7 9 5 1 6 . 8 4 9 4 - 6 . 7 4 0 9 . 0 3 0 8 
14 9 4 4 . 12 7 . 3 1 4 4 7 . 1 7 2 6 - 7 . 4 5 6 2 . 0 3 5 7 
14 1 0 4 4 . 4 0 1 2 . 1 0 0 5 1 1 . 3 5 3 1 - 1 2 . 3 4 8 0 . 0 6 7 8 
14 1 1 4 3 . 0 0 1 2 . 7 3 0 7 1 2 . 7 3 0 7 - 1 2 . 7 3 0 7 . 0 7 5 0 
14 1 2 - 4 4 . 4 0 1 2 . 1 0 0 5 1 2 . 3 4 8 0 -•11 . 8 5 3 1 . 0 6 7 8 
14 1 3 - 4 4 . 1 2 7 . 3 1 4 4 7 . 4 5 6 2 - 7 . 1 7 2 6 . 0 3 5 7 
1 4 1 4 - 4 4 . 3 1 6 . 7 9 5 1 6 . 7 4 0 9 - 6 . 8 4 9 4 . 0 3 0 8 
14 1 5 - 4 4 . 6 4 6 . 7 7 0 7 6 . 5 1 9 1 - 7 . 0 2 2 2 . 0 3 0 6 
14 1 6 - 4 4 . 7 1 6 . 5 9 5 7 6 . 2 6 6 5 - 6 . 9 2 4 ? . 0 2 9 0 
1 4 1 7 - 4 4 . 3 2 6 . 4 4 9 5 6 . 2 5 2 2 - 6 . 6 4 6 7 . 0 2 7 7 
14 1 8 - 4 4 . 1 9 6 . 4 8 4 8 6 . 3 4 4 6 - 6 . 6 2 5 1 . 0 2 8 0 
1 4 1 ? - 4 4 . 2 8 6 . 5 5 3 0 6 . 4 4 8 3 -•6,6678 . 0 2 8 7 
14 2 0 - 4 4 . 4 7 6 . 6 1 2 1 6 . 5 1 0 4 • • 6 . 7 1 3 8 . 0 2 9 2 
1 5 -•> 4 4 . 0 7 6 . 6 8 4 1 6.86-.r;3 - 6 . 5 0 4 ? . 0 2 9 8 
1 5 3 4 3 . 7 2 6 . 6 4 5 8 6 . 8 4 6 5 • - 6 . 4 4 5 1 . 0 2 9 5 
1 5 4 4 3 . 5 0 6 . 5 9 0 4 6 . 8 6 9 0 - 6 . 3 1 1 3 . 0 2 9 0 
1 5 %J 4 3 . 5 8 6 . 5 5 9 5 7 . 0 0 1 6 - 6 . 1 1 7 5 . 0 2 8 3 
1 5 6 4 4 . 1 3 6 . 8 1 8 2 7 . 7 7 8 7 - 5 . 8 5 7 7 . 0 3 1 4 
1 5 7 4 4 . 0 3 7 . 1 8 2 1 7 . 9 7 9 6 - 6 . 3 8 4 6 . 0 3 4 6 
1 5 8 4 3 . 6 6 7 . 2 7 0 5 7 . 3 3 0 0 - 7 . 1 6 1 0 . 0 3 5 2 
1 5 ? 4 3 . 5 3 7 . 7 2 7 6 7 . 0 8 0 6 - 3 . 3 7 4 6 . 0 4 0 0 
1 5 1 0 4 4 . 1 9 1 2 . 4 4 1 2 1 1 . 4 9 3 1 - 1 3 . 3 3 ? 3 . 0 7 1 9 
1 5 1 1 4 5 . 0 0 1 2 . 9 4 3 9 1 2 . 9 4 3 9 - 1 2 . ? 4 3 ? . 0 7 7 6 
1 5 1 2 - 4 4 . 1 9 1 2 . 4 4 1 2 1 3 . 3 8 9 3 - 1 1 . 4 9 3 1 . 0 7 1 9 
1 5 1 3 - 4 3 . 5 3 7 . 7 2 7 6 8 . 3 7 4 6 - 7 . 0 8 0 6 . 0 4 0 0 
1 5 1 4 - 4 3 . 6 6 7 . 2 7 0 5 7 . 1 6 1 0 - 7 . 3 8 0 0 . 0 3 5 2 
1 5 1 5 - 4 4 . 0 3 7 . 1 8 2 1 6 . 3 8 4 6 - 7 . 9 7 9 6 . 0 3 4 6 
1 5 1 6 - 4 4 . 1 3 6 . 8 1 8 2 5 . 8 3 7 7 -7*7787 . 0 3 1 4 
1 5 1 7 - 4 3 . 5 8 6 . 5 5 9 5 6 . 1 1 7 5 - 7 . 0 0 1 6 . 0 2 8 8 
1 5 1 8 - 4 3 . 5 0 6 . 5 9 0 4 6 . 3 1 1 8 - 6 . 8 6 9 0 . 0 2 9 0 
1 5 1 ? - 4 3 . 7 2 6 . 6 4 5 8 6 . 4 4 5 1 - 6 . 8 4 6 5 . 0 2 9 5 
1 5 2 0 - 4 4 . 0 7 6 . 6 8 4 1 6 . 5 0 4 9 - 6 . 8 6 3 3 . 0 2 9 8 
16 .1-.. 4 3 . 9 5 6 . 7 7 3 8 6 . 9 7 4 1 - 6 . 3 8 3 4 . 0 3 0 6 
1 6 3 4 3 . 5 8 6 . 7 5 6 9 6 . 9 6 3 5 - 6 . 5 5 0 3 . 0 3 0 5 
16 4 4 3 . 4 0 6 . 7 1 8 9 6 . 9 8 7 9 - 6 . 4 4 9 9 . 0 3 0 1 
1 6 5 4 3 . 5 9 6 . 6 4 7 2 7 . 0 4 5 3 - 6 . 2 4 9 2 . 0 2 9 5 
16 6 4 4 . 2 5 7 . 0 9 6 4 7 . 9 9 5 9 - 6 . 1 9 6 9 • . 0 3 3 9 
16 7 4 4 . 0 7 1 1 . 5 0 8 6 1 2 . 6 6 7 6 - 1 0 . 3 4 9 5 . 0 6 1 7 
1 6 8 4 3 . 4 4 1 1 , 9 6 4 2 1 2 . 1 1 3 0 - 1 1 . 8 1 5 3 . 0 6 6 3 
16 9 4 3 . 0 6 .!. .<.. » :./ ; J 1 1 . 3 6 0 2 - 1 3 . 3 1 4 7 . 0 7 0 7 
1 6 1 0 4 3 . 8 2 1 2 , 8 9 6 8 1 1 . 9 9 7 9 - t 3 , 7 9 3 8 . 0 7 7 2 
•16 1 1 4 5 . 0 0 j 3 . 1 4 7 3 1 3 . 1 4 7 3 ••• 1 3 . 14 7 3 . 0 8 0 0 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
16 12 - 4 3 . 8 2 1 2 * 8 9 6 8 1 3 . 7 9 5 8 - 1 1 . 9 9 7 9 . 0 7 7 2 
16 1 3 - 4 3 . 0 6 1 2 , 3 3 7 5 1 3 . 3 1 4 7 - 1 1 . 3 6 0 2 . 0 7 0 7 
1 6 14 - 4 3 . 4 4 1 1 . 9 6 4 2 1 1 . 8 1 5 3 - 1 2 . 1 1 3 0 . 0 6 6 3 
1 6 1 5 - 4 4 . 0 7 1 1 . 5 0 3 6 1 0 . 3 4 9 5 - 1 2 . 6 6 7 6 . 0 6 1 7 
1 6 16 - 4 4 . 2 5 7 . 0 9 6 4 6 . 1 9 6 9 - 7 . 9 9 5 9 . 0 3 3 9 
1 6 1 7 - 4 3 . 5 9 6 . 6 4 7 2 6 . 2 4 9 2 - 7 . 0 4 5 3 . 0 2 9 5 
1 6 1 8 - 4 3 . 4 0 6 . 7 1 8 9 6 . 4 4 9 9 - 6 . 9 8 7 9 . 0 3 0 1 
16 1 9 - 4 3 . 5 8 6 . 7 5 6 9 6 . 5 5 0 3 - 6 . 9 6 3 5 . 0 3 0 5 
1 6 2 0 - 4 3 . 9 5 6 . 7 7 3 8 6 . 5 8 3 4 •-6 . 9 7 4 1 . 0 3 0 6 
.1.7 n 4 4 . 0 5 6 . 8 6 4 2 7 . 0 2 0 4 - 6 . 7 0 8 0 . 0 3 1 4 
1 7 3 4 3 . 7 1 6 . 8 3 6 1 6 . 9 8 1 9 - 6 . 6 9 0 3 . 0 3 1 2 
1 7 4 4 3 . 6 1 6 . 7 8 0 7 6 . 94 5 9 - • 6 . 6 1 5 6 . 0 3 0 7 
1 7 5 4 3 . 8 3 6,667 A 6 . 8 8 3 5 - 6 . 4 5 1 3 . 0 2 9 7 
1 7 6 4 4 . 3 3 7< 1670 7 . 5 4 5 6 - 6 . 7 3 8 4 . 0 3 4 3 
17 7 4 4 . 1 7 1 1 . 8 6 3 5 1 2 . 3 5 4 6 - 1 1 . 3 7 2 4 . 0 6 5 2 
1 7 8 4 3 . 4 6 1 2 . 4 6 9 0 1 2 . 5 1 9 1 • • - 1 2 . 4 1 3 9 . 0 7 2 0 
1 7 ? 4 3 . 0 2 1 2 . 6 5 0 9 1 2 . 2 3 5 8 - 1 3 . 0 6 6 0 . 0 7 4 1 
1 7 1 0 4 3 . 6 9 1 2 . 9 3 4 ? 1 2 . 5 7 9 8 - 1 3 . 2 9 0 1 . 0 7 7 5 
1 7 1 1 - 4 5 . 0 0 1 3 . 0 3 4 4 1 3 . 0 8 4 4 - 1 3 , 0 8 4 4 . 0 7 9 3 
1 7 1 2 - 4 3 . 6 9 1 2 . 9 3 4 9 1 3 . 2 9 0 1 - 1 2 . 5 7 9 3 . 0 7 7 5 
1 7 1 3 - 4 3 . 0 2 1 2 . 6 5 0 ? 1 3 . 0 6 6 0 - 1 2 . 2 3 3 8 . 0 7 4 1 
1 7 14 - 4 3 . 4 6 1 2 . 4 6 ? 0 1 2 . 4 1 8 9 - 1 2 . 5 1 9 1 . 0 7 2 0 
1 7 1 5 - 4 4 . 1 7 1 1 . 8 6 3 5 1 1 . 3 7 2 4 - 1 2 . 3 5 4 6 . 0 6 5 2 
1 7 1 6 - 4 4 . 3 3 7 . 1 6 7 0 6 . 7 3 8 4 - • 7 . 5 4 5 6 . 0 3 4 3 
1 7 1 7 - 4 3 . 3 3 6 . 6 6 7 4 6 . 4 3 1 3 - 6 . 8 8 3 5 . 0 2 9 7 
1 7 1 8 - 4 3 . 6 1 6 . 7 8 0 7 6 . 6 1 5 6 - 6 . 9 4 5 9 . 0 3 0 7 
1 7 1 9 - 4 3 . 7 1 6 . 3 3 6 1 6 . 6 9 0 3 - 6 , 9 3 1 9 . 0 3 1 2 
1 7 2 0 - 4 4 . 0 5 6 . 8 6 4 2 6 . 7 0 8 0 - 7 . 0 2 0 4 . 0 3 1 4 
I B 4 4 . 2 4 6 . 9 3 4 1 7 . 0 2 0 8 - 6 . 8 4 7 5 . 0 3 2 1 
1 8 3 4 3 . 8 9 6 . 8 8 4 8 6 . 9 4 5 9 „. /. C) '"> "X i. « >.> J.:. v..' . 0 3 1 6 
1 8 4 4 3 . 7 2 6 . 7 9 2 7 6 . 3 4 7 0 - 6 . 7 3 8 5 . 0 3 0 8 
1 8 5 4 3 . 7 7 6 . 6 2 5 9 6 . 6 9 1 5 - 6 . 5 6 0 3 . 0 2 9 3 
1 8 6 4 3 . 9 9 7 . 1 1 8 3 7 . 2 4 7 2 - 6 . 9 8 9 4 . 0 3 3 3 
1 3 7 4 3 . 8 8 1 1 . 7 8 8 0 1 1 . 9 5 4 2 - 1 1 . 6 2 1 8 . 0 6 4 3 
1 3 8 4 3 . 4 5 1 2 . 3 9 0 3 1 2 . 3 5 0 9 •-12 > 4 2 9 7 . 0 7 1 1 
1 3 9 4 3 . 2 4 12 . 4 3 0 ? 1 2 . 1 7 9 7 - 1 2 . 6 8 2 0 . 0 7 1 6 
1 8 1 0 4 3 . 8 3 1 2 . 6 2 2 7 1 2 . 4 1 4 6 - 1 2 . 8 3 0 8 . 0 7 3 8 
1 8 11 4 5 . 0 0 1 2 . 7 1 6 6 - 1 2 . 7 1 6 6 . 0 7 4 9 
1 8 1 2 - 4 3 . 8 5 1 2 . 6 2 2 7 1 2 . 8 3 0 8 - 1 2 . 4 1 4 6 . 0 7 3 8 
1 8 1 3 - 4 3 . 2 4 1 2 . 4 3 0 9 1 2 . 6 3 2 0 - 1 2 . 1 7 9 7 . 0 7 1 6 
1 8 1 4 - 4 3 . 4 5 1 2 . 3 9 0 3 1 2 . 4 2 9 7 - 1 2 . 3 5 0 9 . 0 7 1 1 
.18 1 5 - 4 3 . 8 8 1 1 , 7 3 3 0 1 1 . 6 2 1 8 - 1 1 . 9 5 4 2 . 0 6 4 3 
1 8 16 - 4 3 . 9 9 7 . 1 1 8 3 6 . 9 8 9 4 - 7 : 2 4 7 2 . 0 3 3 3 
1 3 1 7 - 4 3 < 7 7 6 . 6 2 3 9 6 . 5 6 0 3 - 6 . 6 9 1 3 . 0 2 9 3 
1 8 1 8 - 4 3 . 7 2 6 . 7 9 2 7 6 . 7 3 8 5 - 6 . 8 4 7 0 . 0 3 0 8 
1 8 1 9 - 4 3 . 8 9 6 , . 3 8 4 8 6 . 8 2 3 6 - 6 . 9 4 5 9 . 0 3 1 6 
1 3 2 0 •••4 4 . 2 4 6 . 9 3 4 1 6 . 8 4 7 3 • - 7 . 0 2 0 3 . 0 3 2 1 
80 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
19 '~> 4 4 . 4 3 6 . 9 9 8 8 6 . 9 9 8 5 - 6 . 9 9 9 1 . 0 3 2 7 
1 9 3 4 4 . 0 2 6 . 9 3 0 5 6 . 8 9 2 5 - 6 . 9 6 8 5 . 0 3 2 0 
1 9 4 4 3 . 7 0 6 . 8 1 0 2 6 . 7 4 4 3 - 6 . 8 7 6 1 . 0 3 0 9 
1 9 5 4 3 . 5 0 /; i -i 1 •-) i_» . <_.' .1. J. 6 . 5 2 8 0 - 6 . 6 9 4 4 . 0 2 9 1 
19 6 4 3 . 4 9 7 . 0 9 3 9 7 . 0 3 2 4 - 7 . 1 6 5 3 . 0 3 3 6 
19 7 4 3 . 4 8 1 1 . 7 7 9 0 1 1 . 6 8 9 3 • 1 1 . 8 6 3 7 . 0 6 4 2 
1 9 8 4 3 . 3 6 1 2 . 3 5 2 3 1 2 . 1 9 5 8 - 1 2 . 5 0 3 7 . 0 7 0 6 
1 9 9 4 3 . 4 3 1 2 . 2 6 4 3 1 2 . 0 4 4 7 - 1 2 . 4 8 3 9 . 0 6 9 6 
1 9 1 0 4 4 . 0 3 1 2 . 3 1 6 4 1 2 < 1 6 1 9 • - 1 2 . 4 7 0 8 . 0 7 0 2 
1 9 1 1 4 5 . 0 0 1 2 . 3 5 4 1 1 2 . 3 5 4 1 - 1 2 . 3 5 4 1 . 0 7 0 7 
19 1 2 - - 4 4 . 0 3 1 2 . 3 1 6 4 1 2 . 4 7 0 8 - 1 2 . 1 6 1 9 . 0 7 0 2 
1 ? 1 3 - 4 3 . 4 3 X »- . <..J • ( :..< 1 2 . 4 3 3 9 - 1 2 . 0 4 4 7 . 0 6 9 6 
1 9 14 - • 4 3 . 3 6 1 2 . 3 5 2 3 1 2 . 5 0 3 7 - 1 2 . 1 9 5 8 . 0 7 0 6 
1 ? 1 5 - • 4 3 . 4 8 1 1 . 7 7 9 0 1 1 . 8 6 8 7 - 1 1 . 6 3 9 3 . 0 6 4 2 
1 ? 1 6 • - 4 3 . 4 9 7 . 0 9 8 9 7 . 1 6 5 3 - 7 . 0 3 2 4 . 0 3 3 6 
1 9 1 7 •-43 . 5 0 6 < 6 :i, :• 2 6 . 6 9 4 4 - 6 . 5 2 8 0 . 0 2 9 1 
1 9 1 8 - 4 3 . 7 0 6 8 1 0 2 6 . 3 7 6 1 - 6 . 7 4 4 3 . 0 3 0 9 
1 9 1 9 - 4 4 . 0 2 6 . 9 3 0 5 6 . 9 6 8 5 - 6 . 8 9 2 3 . 0 3 2 0 
1 9 2 0 - 4 4 . 4 3 6 > 9 9 8 8 6 . 9 9 9 1 - • 6 . 9 9 8 5 . 0 3 2 7 
2 0 'i 4 4 . 6 0 7 , 0 6 7 1 6 . 9 7 1 8 - 7 . 1 6 2 4 . 0 3 3 3 
2 0 3 4 4 . 1 0 6 . 9 9 0 2 6 . 8 4 4 9 - 7 . 1 3 5 5 . 0 3 2 6 
2 0 4 4 3 . 5 9 6 . 8 5 5 9 6 . 6 6 2 2 - 7 . 0 4 9 6 . 0 3 1 4 
2 0 5 4 3 . 1 2 6 . 6 3 9 1 6 . 4 0 2 5 - 6 . 8 7 5 7 . 0 2 9 4 
2 0 6 4 2 . 9 2 7 . 1 1 3 0 6 . 8 6 5 2 - 7 . 3 6 0 7 . 0 3 3 8 
2 0 7 4 3 . 0 3 1 1 . 7 7 5 4 1 1 . 4 4 3 1 - • 1 2 . 1 0 7 7 . 0 6 4 2 
2 0 o 4 3 . 1 7 1 2 . 2 9 4 1 1 1 . 9 9 0 4 - 1 2 . 5 9 7 7 . 0 7 0 0 
2 0 9 4 3 . 4 7 1 2 . 1 0 6 8 1 1 . 8 4 2 3 -:i 2 . 3 7 1 4 . 0 6 7 9 
2 0 1 0 4 4 . 1 2 1 2 . 0 5 7 9 1 1 . 9 0 1 5 - 1 2 . 2 1 4 3 . 0 6 7 3 
2 0 1 1 - 4 5 . 0 0 1 2 . 0 5 4 7 1 2 . 0 5 4 7 - 1 2 . 0 3 4 7 . 0 6 7 3 
2 0 1 2 - 4 4 , 12 1 2 . 0 5 7 9 1 2 . 2 1 4 3 - 1 1 . 9 0 1 3 . 0 6 7 3 
2 0 1 3 - 4 3 . 4 7 1 2 . 1 0 6 8 1 2 . 3 7 1 4 - 1 1 . 8 4 2 3 . 0 6 7 9 
2 0 1 4 - 4 3 . 1 7 1 2 . 2 9 4 1 1 2 . 5 9 7 7 - 1 1 . 9 9 0 4 . 0 7 0 0 
2 0 1 5 - 4 3 . 0 3 1 1 . 7 7 5 4 1 2 , 1 0 7 7 •-1 1 . 4 4 3 1 . 0 6 4 2 
2 0 1 6 - 4 2 . 9 2 7 . 1 1 3 0 7,2607 - 6 . 8 6 5 2 . 0 3 3 8 
2 0 1 7 - 4 3 . 1 2 6 . 6 3 9 1 6 . 3 7 5 7 - 6 . 4 0 2 5 . 0 2 9 4 
2 0 18 - 4 3 . 5 9 6 . 3 5 5 9 7 . 0 4 9 6 - 6 . 6 6 2 2 . 0 3 1 4 
2 0 1 9 - 4 4 . 1 0 6 . 9 9 0 2 7 . 1 3 5 5 - 6 . 8 4 4 9 . 0 3 2 6 
2 0 2 0 - 4 4 . 6 0 7 . 0 6 7 1 7 . 1 6 2 4 - 6 . 9 7 1 8 . 0 3 3 3 
2 1 4 4 . 7 7 7 . 1 4 2 4 6 . 9 5 2 0 - 7 . 3 3 2 7 . 0 3 4 0 
2 1 "X 4 4 . 1 6 7 . 0 6 9 2 6 . 3 1 4 0 - 7 . 3 2 4 4 . 0 3 3 3 
2 1 4 4 3 . 4 6 6 . 9 3 6 2 6 . 6 0 8 4 - 7 < 2 6 4 0 . 0 3 2 1 
2 1 5 4 2 . 7 0 6 . 7 1 2 2 6 . 3 1 0 6 - 7 . 1 1 3 9 . 0 3 0 1 
2 1 6 4 2 . 3 0 7 . 1 5 8 0 6 . 7 1 1 8 - 7 . 6 0 4 1 . 0 3 4 2 
2 1 7 4 2 . 5 1 1.1 , 7 6 5 3 11 . 16.1 * - 1 2 . 3 6 9 1 . 0 6 4 2 
2 1 3 4 2 . 9 0 1 2 , 2 0 7 9 1 1 . 7 2 0 9 - 1 2 . 6 9 4 9 . 0 6 9 1 
2 1 9 4 3 , 4 2 1 1 . 9 5 4 7 11.5960 - 1 2 . 3 1 3 4 . 0 6 6 2 
2 1 1 0 4 4 . 1 5 1 1 . 8 5 0 9 1 1 . 6 5 9 0 • 1 2 , 0 4 2 8 . 0 6 5 0 
USTIN.fi OF PARAMETERS ( C o n t i n u e d ) 
2 1 11 - 4 5 . 0 0 1 1 . 8 2 6 2 1 1 . 8 2 6 2 • 1J . 8 2 6 2 . 0 6 4 7 
2 1 1 2 - 4 4 . 1 5 1 1 . 3 5 0 9 1 2 . 0 4 2 8 - 1 1 . 6 5 9 0 . 0 6 5 0 
2 1 1 3 - 4 3 . 4 2 1 1 . 9 5 4 7 1 2 . 3 1 3 4 •-11 . 5 9 6 0 . 0 6 6 2 
2 1 1 4 - 4 2 . 9 0 1 2 . 2 0 7 9 1 2 . 6 9 4 9 - 1 1 . 7 2 0 9 . 0 6 9 1 
2 1 1 5 - 4 2 . 5 1 1 1 . 7 6 5 3 1 2 . 3 6 9 1 - 1 1 . 1 6 1 4 . 0 6 4 2 
2 1 1 6 - 4 2 . 3 0 7 . 1 5 8 0 7 . 6 0 4 1 • • 6 . 7 1 1 8 . 0 3 4 2 
2 1 1 7 - 4 2 . 7 0 6 . 7 1 2 2 7 . 1 1 3 9 - 6 . 3 1 0 6 . 0 3 0 1 
2 1 1 8 - 4 3 . 4 6 6 . 9 3 6 2 7 . 2 6 4 0 - 6 . 6 0 8 4 . 0 3 2 1 
2 1 1 9 - 4 4 . 1 6 7 . 0 6 9 2 7 . 3 2 4 4 - 6 . 8 1 4 0 . 0 3 3 3 
2 1 2 0 - 4 4 . 7 7 7 . 1 4 2 4 -> -x "X ~) 
.' i -_J o .»,. / 
- 6 . 9 5 2 0 . 0 3 4 0 
2 2 n 
AV. 
4 4 . 9 3 7 . 2 2 0 8 6 . 9 4 4 7 • - 7 . 4 9 6 3 . 0 3 4 3 
•-> 
.v. j.:. 
3 4 4 . 2 4 7 . 1 6 1 5 6 . 8 0 0 4 - 7 . 5 2 2 6 . 0 3 4 2 
22 4 4 3 . 3 6 7 . 0 4 5 7 6 . 5 7 9 9 - 7 . 5 1 1 4 . 0 3 3 2 
A_ 5 4 2 . 2 9 6 . 3 3 0 5 6 . 2 4 6 1 - 7 . 4 1 5 0 . 0 3 1 2 
-i. v.. 6 4 1 . 6 0 7 . 2 3 5 1 6 . 5 4 0 2 - 7 . 9 2 9 9 . 0 3 5 1 
2 2 7 4 1 . 9 2 1 1 . 7 4 3 4 1 0 . 7 9 6 6 - 1 2 . 6 9 0 1 . 0 6 4 1 
2 2 8 4 2 . 6 2 1 2 * 0 9 5 9 1 1 . 3 3 1 8 - 1 2 . 8 1 0 0 . 0 6 7 9 
2 2 9 4 3 . 3 7 1 1 . 8 1 3 7 1 1 . 3 3 0 1 - 1 2 > 3 0 7 4 . 0 6 4 7 
'•> o ii. A.. 1 0 4 4 . 1 8 11 . " ' 0 5 7 1 1 . 4 5 6 5 - 1 1 . 9 5 4 8 . 0 6 3 5 
2 2 1 1 - 4 5 . 0 0 1 1 . 6 7 7 6 1 1 . 6 7 7 6 - 1 1 . 6 7 7 6 . 0 6 3 1 
1 2 - 4 4 . 1 8 1 1 . 7 0 5 7 1 1 . 9 5 4 3 - 1 1 . 4 5 6 5 . 0 6 3 5 
2 2 1 3 - 4 3 . 3 7 1 1 , 8 1 8 7 1 2 . 3 0 7 4 -1:1 . 3 3 0 1 . 0 6 4 7 
2 2 1 4 - 4 2 . 6 2 1 2 . 0 9 5 9 1 2 . 8 1 0 0 - 1 1 . 3 8 1 3 . 0 6 7 9 
2 2 1 5 - 4 1 . 9 2 1 1 < 7 4 3 4 1 2 . 6 9 0 1 -• 1 0 . 7 9 6 6 . 0 6 4 1 
2 2 1 6 - 4 1 . 6 0 7 . 2 3 5 1 7 . 9 2 9 9 - 6 . 5 4 0 2 . 0 3 5 1 
2 2 1 7 - 4 2 . 2 9 6 . 8 3 0 5 7 . 4 1 5 0 - 6 . 2 4 6 1 . 0 3 1 2 
n o 
A1. A. 
1 8 - 4 3 . 3 6 7 . 0 4 5 7 7 . 5 1 1 4 - 6 . 5 7 9 9 . 0 3 3 2 
2 2 1 ? - 4 4 . 2 4 7 . 1 6 1 5 7 . 5 2 2 6 - 6 . 3 0 0 4 . 0 3 4 2 
2 2 2 0 - 4 4 . 9 3 7 . 2 2 0 8 7 . 4 9 6 8 - 6 . 9 4 4 7 . 0 3 4 8 
2 3 2 - 4 4 . 9 7 7 . 2 9 0 4 6 . 9 5 1 1 - 7 . 6 2 9 8 . 0 3 5 5 
2 3 3 4 4 . 3 2 7 . 2 4 5 4 6 . 7 9 2 3 - 7 . 6 9 8 5 . 0 3 5 1 
2 3 4 4 3 . 3 5 7 . 1 6 0 5 6 . 5 5 9 1 - 7 . 7 6 1 3 . 0 3 4 3 
•~i"X 5 4 1 . 9 9 6 . 9 8 5 4 6 . 1 9 9 1 - 7 . 7 7 1 8 . 0 3 2 8 
2 3 6 4 0 . 8 4 7 . 3 4 7 0 6 . 3 0 4 1 - 3 . 3 9 0 0 . 0 3 6 4 
2 3 7 4 1 . 2 9 1 1 . 7 0 4 5 1 0 . 2 3 6 2 •- i.3 , 1 2 2 9 . 0 6 4 0 
2 3 8 4 2 . 4 5 1 1 . 9 6 8 4 1 0 . 9 7 9 3 •-.! 2 , 9 3 7 0 . 0 6 6 6 
2 3 9 4 3 . 4 3 11 . 7 2 9 1 11 . 0 8 3 1 . • 1 2 . 3 7 3 0 . 0 6 3 8 
2 3 1 0 4 4 . 2 6 1 1 . 6 4 9 5 1 1 . 3 2 9 9 • 1 1 « 9 6 9 9 . 0 6 2 9 
O X 1 1 - 4 5 . 0 0 1 1 . 6 3 2 3 1 1 . 6 3 2 3 - 1 1 . 6 3 2 3 . 0 6 2 6 
2 3 1 2 - 4 4 . 2 6 11 . 6 4 9 5 1 1 . 9 6 9 9 • 1 1 . 3 2 9 2 . 0 6 2 9 
2 3 1 3 - 4 3 . 4 3 1 1 . 7 2 9 1 1 2 . 3 7 5 0 -• 1 1 . 0 8 3 1 . 0 6 3 3 
2 3 1 4 - 4 2 . 4 5 1J . 9 6 3 4 1 2 . 9 3 7 0 - 1 0 . 9 7 9 3 . 0 6 6 6 
2 3 1 5 - 4 1 . 2 9 1 1 . 7 0 4 5 1 3 . 1 2 2 9 - 1 0 ^ 2 3 6 2 . 0 6 4 0 
T\r 
X.. \.> 
1 6 - 4 0 . 3 4 7 . 3 4 7 0 8 . 3 9 0 0 - 6 > 3 0 4 1 . 0 3 6 4 
2 3 1 7 - 4 1 . 9 9 6 . 9 3 5 4 7 . 7 7 1 3 - 6 , 1 9 9 1 . 0 3 2 8 
2 3 1 8 - 4 3 * 3 5 7 . J 6 0 3 7 . 7 6 1 9 - • 6 . 5 5 9 1 . 0 3 4 3 
2 3 1 ? - 4 1 . 3 2 7 , 2 4 5 4 - 6 . 7 9 2 3 . 0 3 5 1 
,.. 
A.- V.' 
2 0 4 4 . 9 7 7 . 2 9 0 4 •1 f.'-,Qo - 6 . 9 5 1 1 . 0 3 3 5 
LISTING OF PARAMETERS ( C o n t i n u e d ) 
4 4 , 9 4 7 , 3 2 8 3 6 . 9 6 6 2 --7 . 6 9 0 4 . 0 3 5 9 
4 4 . 3 0 —l! •  <: / •> / O : ) 6 . 7 6 3 9 -•7 . 7 9 3 1 . 0 3 5 4 
4 3 . 4 4 7.2225 6 . 4 9 7 3 - 7 . 9 4 7 7 . 0 3 5 0 
4 2 . 0 0 7 . 1 2 5 2 6 . 1 3 0 8 - - 8 . 1 1 9 5 . 0 3 4 2 
4 0 . 1 6 7 . 4 3 3 7 5 . 9 0 8 4 - 9 . 0 5 9 0 . 0 3 8 3 
4 0 . 8 1 1 1 . 6 7 8 1 9 . 5 6 9 6 .... i — O /.. "? .1. •..! . .' >_.> K.) .' . 0 6 4 4 
4 2 . 5 8 1 1 . 3 8 7 4 1 0 . 5 8 5 7 - 1 3 . 1 8 9 1 . 0 6 5 9 
4 3 . 6 6 1 1 . 7 4 9 1 1 0 . 9 2 8 6 - 1 2 . 5 6 9 6 . 0 6 4 1 
4 4 . 4 0 1 1 . 7 1 9 9 1 1 . 3 2 4 2 - 1 2 . 1 1 5 7 . 0 6 3 6 
4 5 . 0 0 1 1 . 7 1 5 4 1 1 . 7 1 5 4 - 1 1 . 7 1 5 4 . 0 6 3 5 
4 4 . 4 0 1 1 . 7 1 9 9 1 2 . 1 1 5 7 - 1 1 . 3 2 4 2 . 0 6 3 6 
4 3 , 6 6 1 1 . 7 4 9 1 1 2 . 5 6 9 6 - 1 0 . 9 2 8 6 . 0 6 4 1 
4 2 . 5 8 1 1 . 8 8 7 4 1 3 . 1 8 9 1 - 1 0 . 5 3 5 7 . 0 6 5 9 
4 0 . 3 1 1 1 . 6 7 8 1 1 3 . 7 8 6 7 - 9 . 5 6 9 6 . 0 6 4 4 
4 0 . 16 7 . 4 8 3 7 9 . 0 5 9 0 - 5 . 9 0 8 4 . 0 3 8 3 
4 2 . 0 0 7 < 1 2 5 2 3 . 1 1 9 5 - 6 . 1 3 0 8 . 0 3 4 2 
4 3 . 4 4 7 . 2 2 2 5 7 . 9 4 7 7 - 6 . 4 9 7 3 . 0 3 5 0 
4 4 . 3 0 7 . 2 7 8 5 7 . 7 9 3 : 1 - 6 . 7 6 3 9 . 0 3 3 4 
4 4 . 9 4 7 . 3 2 8 3 7 . 6 9 0 4 • • • 6 . 9 6 6 2 . . 0 3 5 9 
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